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ABSTRACT
Crowdsourcing Scientific Work:
A Comparative Study of Technologies, Processes, and Outcomes in Citizen Science
by
Andrea Wiggins
Citizen science projects involve the public with scientists in collaborative research. In-
formation and communication technologies for citizen science can enable massive virtual
collaborations based on voluntary contributions by diverse participants. As the popularity
of citizen science increases, scientists need a more thorough understanding of how project
design and implementation decisions affect scientific outcomes.
Applying a comparative case study methodology, the study investigated project orga-
nizers’ perspectives and experiences in Mountain Watch, the Great Sunflower Project, and
eBird, three observation-based ecological citizen science projects in different scientific do-
mains. Five themes are highlighted in the findings: the influence of project design ap-
proaches that favor science versus lifestyle; project design and organizing implications of
engaging communities of practice; relationships between physical environment, technologies,
participant experiences, and data quality; the constraints and affordances of information and
communication technologies; and the relationship of resources and sustainability to institu-
tions and scale of participation.
This research contributes an empirically-grounded theoretical model of citizen science
projects, with comparative analysis that produced new insights into the design of technologies
and processes to support public participation in the production of scientific knowledge.
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CHAPTER I
Introduction
This chapter introduces the phenomenon of study, citizen science, and discusses the re-
search problem that the study addresses. The nature of the problem is elaborated in the
general and specific research questions, followed by definition and discussion of the primary
concepts related to the questions. The significance of the research is then addressed, includ-
ing identification of audiences for whom the study’s contributions may be of interest. The
chapter concludes with an overview of the remaining chapters.
1.1 Citizen Science
Citizen science projects involve the public with scientists in collaborative research (Cooper
et al., 2007). Many such projects can be viewed as virtual organizations with geographically
dispersed resources and members who work toward common goals via cyberinfrastructure.
Public participation in scientific research can take a variety of forms. Diverse volunteer pop-
ulations can contribute to scientific research through a variety of activities, from primary
school students engaging in structured classroom projects, to families volunteering together
in “bioblast” one-day organism census events, to geographically-distributed individuals mon-
itoring wildlife populations over time. The dominant form of citizen science projects, found
in the environmental sciences, focuses on monitoring ecosystems and wildlife populations;
volunteers form a human sensor network for distributed data collection (Cohn, 2008; Bonney
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& LaBranche, 2004). By contrast, in projects like NASA’s Clickworkers (Kanefsky, Barlow,
& Gulick, 2001), volunteers provide data analysis service, applying basic human perception
to computationally difficult image recognition tasks. Citizen science projects “hold out the
possibility of scaling up the processes of scientific research so that they are truly global in
scale and scope” (Bowker, 2005, p. 125).
The value of volunteer contributions to scientific research is nontrivial. Schmeller et al.
(2009) surveyed 395 biodiversity monitoring schemes led by 227 organizations in 28 European
countries, and found that out of over 46,000 individuals contributing more than 148,000
person-days to biodiversity monitoring, just over 13% were professionals. The total cost of
these projects was e4 million and the total value was conservatively estimated at e13 million
(2006 wages), demonstrating the importance of volunteer engagement for reducing the cost
of monitoring species for population studies over large spatial and temporal scales.
1.1.1 Challenges and Advantages of Citizen Science
Despite the increasing popularity of citizen science, there are few reference points to guide
project design and implementation. Scientists are consistently and rightfully concerned about
ensuring the quality of research outputs, and if public contributions are accepted there are
no guarantees of expertise sufficient to establish quality. The simple solution is to permit
contributions from only those with sufficient expertise or credentials; given the academic
standards for scientific research quality, this represents the traditional scientific research
model. Incorporating contributions from a wider population into scientific knowledge pro-
duction requires additional mechanisms to ensure quality, evident in the details of study
designs that use these approaches.
Although the concern over contribution quality is the primary issue raised by such critics
as Roman (2009), this is only a symptom of the underlying problem: researchers have not
yet established how to consistently select effective tools and mechanisms for contribution and
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coordination for the scientific outcomes that they want to achieve. In part, the knowledge gap
is because the potential options are not well known. There is currently little guidance to be
found on how to select technologies or design participation tasks to ensure the best possible
outcomes for both the research and the participants under a variety of circumstances. This
problem is exacerbated in the translation of existing practices to technology-mediated citizen
science, which requires further consideration of technologies and design choices regardless of
whether the project activities are focused on data collection or processing.
The practice of citizen science is often virtual because it frequently involves a combina-
tion of spatial, temporal, and physical discontinuities. Increasingly, virtuality means that
the interactions of individual contributors are mediated by information and communication
technologies (ICT), as opposed to simply being distributed across time and space in the
majority of activities, which was the focus of earlier research on virtuality and more repre-
sentative of citizen science practices prior to the year 2000. Related research on scientific
infrastructure, and more recently cyberinfrastructure, underscores the importance of under-
standing how organizational, task, and technology design requirements interact to influence
outcomes (Lee, Dourish, & Mark, 2006; Star & Ruhleder, 1994).
Technology-supported citizen science certainly benefits from economies of scale, but does
not always rely upon large numbers of participants for successful outcomes. It is a solution
for particular types of scientific research goals, performing best in situations where employing
paid professionals is not feasible, usually due to the need to cover large spatial or temporal
scales. Citizen science also produces remarkably good results for visual analysis and data
processing tasks such as identifying craters on Mars, classifying the shapes of galaxies, or
transcription of historic records, and for problem-solving tasks like protein folding. Both
visual analysis and problem-solving tasks are computationally difficult, but are simpler and
even entertaining for humans. While citizen science is not likely to replace traditional sci-
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entific research, it is already finding its place as a complement to professionally-conducted
scientific research in fields like conservation biology (Dufour & Crisfield, 2008).
Citizen science is a type of organizational and work design is not new to science, with
the Audubon Christmas Bird Count founded at the turn of the Twentieth Century, but
cyberinfrastructure and ubiquitous computing now make broad public participation in sci-
entific work a realistic research strategy for an increasing variety of studies. Citizen science
is related to long-standing programs employing volunteer monitoring for natural resource
management (Ballard et al., 2005; Cooper et al., 2007; Firehock & West, 1995), and is often
employed as a form of education and outreach to promote public understanding of science
(Osborn, Pearse, & Roe, 2002; Brossard, Lewenstein, & Bonney, 2005; Krasny & Bonney,
2005; Bauer, Petkova, & Boyadjieva, 2000; Spiro, 2004). Citizen science projects are now pri-
marily focused on scientific research with increasing frequency (Bonney & LaBranche, 2004;
Baretto, Fastovsky, & Sheehan, 2003; McCaffrey, 2005). The current form of citizen science,
which has evolved over the past two decades, places more emphasis on scientifically sound
practices and measurable goals for public education than similar historical efforts (Bonney
et al., 2009). Ample evidence has shown that under the right circumstances, citizen sci-
ence can work on a massive scale and is capable of producing high quality data as well as
unexpected insights and innovations (Bonney & LaBranche, 2004; Trumbull et al., 2000).
1.1.2 Examples of Citizen Science
A host of volunteer monitoring and citizen science projects are now entirely ICT-mediated,
providing access to and for a much wider pool of potential contributors than ever before.
The ubiquity of networked technologies enabling large-scale participation creates new op-
portunities for methodological innovations across a number of scientific fields. Without the
affordances of ICT, many of the citizen science projects emerging today would not exist
due to the simple economics of developing, implementing, and supporting a research project
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that incorporates public participation and is capable of generating scientific knowledge. Two
examples are briefly described here to provide grounding for the subsequent discussion of
the citizen science phenomenon. The Great Sunflower Project is an example of a citizen sci-
ence project in which volunteers collect and contribute observational data, and GalaxyZoo
represents a type of participation in which volunteers contribute to data processing.
The Great Sunflower Project
The Great Sunflower Project (GSP) was created by a single scientist to study pollina-
tor service. Participating volunteers report data on the activity of bees in their gardens,
following a specific protocol for observation and reporting. The project name derives from
the Lemon Queen sunflower, carefully selected to support the scientific goals of the project.
Participation requires volunteers to grow sunflower plants to maturity in order to report
on the activity of bees. Volunteers’ contributions are coordinated through a simple website
running on an open source content management system, through which participants across
North America describe their gardens and report observations. The website also features
discussion forums, announcements and news from the scientist, and additional educational
content about the importance of bees to our food supply, summarized in the omnipresent
slogan, “Bees: responsible for every third bite of food.”
What is remarkable about the GSP is its overwhelming success in attracting potential
contributors, particularly given the project’s meager resources. A few weeks after the sci-
entist sent fifteen emails to Master Gardeners1 to recruit participation, 15,000 people had
registered to participate, well in excess of expectations. The volunteer base has continued
to grow, swelling to 77,000 in the summer of 2009 and over 100,000 in the summer of 2011.
While the majority of the website registrations do not convert into data-contributing vol-
unteers, the number of contributors is adequate to provide a much larger set of observation
1The title “Master Gardener” denotes an individual who has completed a program of intensive horticultural training, typically
provided by university cooperative extension programs and repaid through outreach-focused volunteerism.
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data than could feasibly be generated by professional researchers, and the geographic scope
covers the continental United States and Canada. The project has been so successful in
attracting volunteers that maintaining project sustainability required changes to the origi-
nal participation protocol and new fundraising efforts outside of the usual academic funding
sources.
GalaxyZoo
GalaxyZoo is a citizen science project organized by an inter-institutional team of pro-
fessional astronomers. Volunteers apply superior human perceptual capacities to computa-
tionally difficult image recognition tasks, providing an important service in data analysis.
The classification tasks are performed through a web portal that presents images of galaxies
and asks volunteers to make judgments about specific characteristics of the galaxies, with
questions such as whether the galaxy has a bulge or a bar in its center, how rounded it is,
and perhaps best of all, “is there anything odd?”2 The website also includes a blog authored
by the astronomers and forums for discussion among participants, providing multiple venues
for engagement. In its first instantiation, GalaxyZoo volunteers classified 750,000 galaxies
in record time, and the data have been re-incorporated into virtual astronomy observatory
tools used by both the public and researchers. In its second version, the GalaxyZoo 2 project
elicited far more complex classification judgments from volunteers, implemented based on the
high quality of the results from the simpler initial classification. After three years, Galaxy-
Zoo had classified over 56 million galaxies, and had a growing contributor base of over a
quarter of a million volunteers.
Beyond simply providing image processing services for science, GalaxyZoo participants
have made new discoveries, such as Hanny’s Voorwerp, an astronomical object of unknown
nature (voorwerp means “object” in Dutch), remarkable for its unusual blue color and for
2http://www.galaxyzoo.org/how to take part
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emitting more energy than any object previously observed in the universe. Time on the
Hubble Telescope was granted to examine this new astronomical body, which was discov-
ered in 2007 by Hanny van Arkel, a Dutch elementary school teacher. Hanny’s Voorwerp
demonstrates how profoundly volunteer contributions to scientific research can influence the
course of knowledge creation.
In addition to innovation, GalaxyZoo volunteers deliver quality; their reliability is as
good or better than that of professional astronomers. The project’s leaders ensure quality
by having each image evaluated by multiple volunteers, with algorithmic flagging of low-
consensus items for professional review. This mechanism for quality control has been used
in several citizen science that featured data processing tasks, and can also be applied in
some data collection projects (Sullivan et al., 2009). Even without such sophisticated tools
and quality assurance strategies, researchers have found that elementary school children
can provide scientifically valid data for species identification, with seventh-graders reporting
counts of crab species at 95% accuracy and third-graders correctly identifying animals 80%
of the time, an acceptable reliability rate for most ecological studies (Cohn, 2008; Delaney
et al., 2007).
GalaxyZoo and the Great Sunflower Project are examples of large scale citizen science
projects which have found ways to address some of the practical challenges inherent in citizen
science. In addition to these issues, the phenomenon also presents theoretically interesting
problems, discussed in the following problem statement.
1.2 Problem Statement
Citizen science projects supported by information and communication technologies can
yield massive virtual collaborations based on voluntary contributions by diverse participants.
The increasing scale of these projects, some of which involve tens of thousands of members
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of the public in distributed data collection and analysis, is accompanied by the need for
research into the effects of virtuality and technologies on project processes and scientific
outcomes. As noted by Silvertown (2009), modern citizen science differs from its historical
forms primarily in the access for, and subsequent scale of, public participation. ICT are
credited as one of the main drivers of the recent explosion of citizen science activity. To take
advantage of this emerging opportunity, scientists need a more thorough understanding of
how research design, implementation, and management decisions affect scientific outcomes
in citizen science.
In particular, designing information systems to support technology-enabled citizen science
requires understanding the effects of organizing and participation processes on the scientific
outcomes of citizen science projects. ICT-enabled citizen science projects are similar in some
respects to peer production phenomena such as free/libre open source software development
(FLOSS) or Wikipedia, but have scientific goals that pose particular constraints on task
design. For example, assuring the reliability of data collection is critical to establishing the
value of a scientific project, but not a matter that can necessarily be left to the “wisdom of
crowds.”
Including volunteers in scientific research projects also results in very different distributed
organizational structures than those of scientific collaboratories studied to date, raising new
challenges. The nature of these collaborative projects is meaningfully different from prior
forms of scientific collaboration, as it more closely resembles cooperation than collaboration.
For example, creators of scientific collaboratories may tacitly assume that participants have
comparable and high levels of skill and will contribute relatively equally. This is rarely the
case for citizen science volunteers, who may have widely varying levels of skill or knowledge,
and contribute at levels differing by orders of magnitude. These projects sometimes bear a
greater resemblance to cyberinfrastructure projects than scientific collaboratories due to the
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larger scale of participation and increased complexity of organizing (Lawrence, Finholt, &
Kim, 2007). Combined, these factors raise concerns for designing systems to support citizen
science.
Just as there is wide variability in the content and focus of the projects, there is also
great diversity in the types of technologies currently implemented to support citizen science.
These range from simple open source content management systems to more sophisticated
custom software platforms, GPS, and smartphone applications. The use of ICT to support
citizen science has already yielded significant impacts on scale and scope of participation
and research. Although the sophistication of these technologies is rapidly increasing, most
citizen science is still supported by relatively simple, low-cost technology solutions, but there
is little guidance to help projects choose and implement appropriate ICT to support citizen
science projects’ research goals.
Designing and implementing technologies to support cooperative work requires under-
standing the setting and the nature of the task (Bannon & Schmidt, 1989). The goal of this
study is to better understand the processes that these technologies must support and the
settings in which participation is carried out. This research motivation suggests focusing on
the role of technologies in processes of organizing and participation in citizen science.
In complex settings where the specifics of the context and events are expected to have an
important influence on outcomes, such as in citizen science, focusing on processes provides a
means for abstraction that permits meaningful comparison across cases (Yin, 1984). Study-
ing processes can illuminate the link between individual and organizational (project) level
phenomena:
Viewing a process as the way organizations accomplish desired goals and transform
inputs into outputs makes the link to organizational outcomes. Viewing processes
as ordered collections of activities makes the link to individual work, since individ-
ual actors perform these activities. (Crowston, 2000, p. 38)
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This study is focused on developing process theory rather than testing variance theory, in
order to better understand how differences in virtuality and technologies influence organizing
and participation processes.
1.2.1 Research Questions
Three key observations relevant to the general research questions are drawn from the liter-
ature discussed in Chapter II. First, contextual factors require additional consideration in re-
search decision-making when tasks are carried out by unsupervised, distributed contributors
with widely variable expertise and skills. Moving citizen science into a technology-mediated
format can address some of the logistical constraints encountered by place-based projects,
but may do so at hidden costs, and cannot fully eliminate the complexities of designing
research to be conducted by distributed, heterogeneous volunteer contributors.
Second, traditional long-term volunteer monitoring practices are being adapted for par-
ticipation in technology-supported citizen science projects with limited consideration of the
consequences of the change in context from face-to-face to technology-mediated participa-
tion. The extent of the adaptation for ICT-supported citizen science project deployment
often appears to be little more than the direct conversion of traditional paper data forms
and training presentations into digital forms and files. Without an established project and
existing volunteer base, simply translating these materials into digital versions may not be
adequate. As well, digital contribution environments provide a number of affordances that
may simplify and improve the mechanisms used to ensure the quality of the research, and
although individual project reports often address quality assurance and quality control pro-
cesses and results, the efficacy of these strategies has not yet been systematically evaluated.
Third, many of the new citizen science projects emerging today would have been unlikely
to occur without enabling ICT. There are still successful examples of large-scale projects
that do not rely on individual volunteers’ use of ICT, typically following a specific tiered
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structure of participation in which implementation of a particular protocol is coordinated
locally, with data reported back to an umbrella organization or partnership by local project
leaders. Most new citizen science projects, however, are eliminating local coordination in
favor of centralized coordination via the Internet. While it is technically possible for dis-
tributed volunteers to classify galaxies without the use of networked information systems,
for example, the material and coordination costs make it practically inconceivable to under-
take massive-scale galaxy classification without ICT. Technologies to support citizen science
must accommodate the full range of virtuality, from intensely physical participation in some
place-based projects to fully ICT-mediated participation in place-independent projects.
These three observations led to the more specific research questions for this study:
RQ1: How do virtuality and technologies alter organizing in citizen science?
RQ2: How do virtuality and technologies shape participation in citizen science?
RQ3: How do organizing and participation influence scientific outcomes in citizen
science?
The goal of investigating these research questions is to develop a theoretical framework
of citizen science that can inform practice and provide a conceptual foundation for future
research. Virtuality and technologies are two aspects of context that are particularly com-
plex, as these characteristics can enable the organizing and participation processes while
simultaneously impairing the ability to directly observe these same processes as they unfold.
Differences in virtuality, the technologies used to mediate virtuality, and their influences on
the interactions between project processes together play a complex role in citizen science, as
the following discussion of these key concepts further elaborates.
1.3 Concepts
The primary concepts in the research questions are discussed and defined in this section.
The inputs of virtuality and technologies are examined as primary elements of the context
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of citizen science. Next, processes for organizing and participation are considered, followed
by a discussion of the scientific outcomes that these processes influence.
1.3.1 Virtuality
The social structure of citizen science does not necessarily match definitions of virtual
employees, groups, teams, organizations, or communities (e.g., Watson-Manheim, Chudoba,
& Crowston, 2002). Instead, these projects can bring together individuals with discontin-
uous organizational affiliations and memberships, spatial and temporal locations, and work
practices. These individuals may still be united by a continuous collective identity and
goals. The following discussion conceptualizes virtuality in citizen science as a combination
of discontinuities, continuities, materiality and place.
Discontinuities and Continuities
Virtuality is a complex concept and inconsistently conceptualized in the literature, as
noted by Watson-Manheim et al. (2002), who focus instead on discontinuities, or “gaps or
a lack of coherence in aspects of work, such as work setting, task and relations with other
workers or managers” (p. 193). They discuss two dimensions of virtual work that are useful
for characterizing virtual organizing and participation: the nature of the virtual work envi-
ronment, and the aspects of the work that are discontinuous. The discontinuities of work
include physical and temporal locations; membership, affiliation and organizational relation-
ships; and cultural aspects. Building on this work, Chudoba et al. (2003) characterize the
virtual work environment according to six types of discontinuities: geography, temporality,
culture, work practices, organization, and technologies.
These two lists of discontinuities draw on overlapping sets of concepts, from which three
seem most useful for better understanding virtuality in citizen science: cultural, temporal,
and spatial. In the context of citizen science, the primary cultural discontinuity is likely to be
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the role-based divide between professional researchers and laypersons, which is reproduced
in work practices and organizational affiliations (aside from the shared affiliation to the
common project.) Scientists and volunteers would also be expected to perceive the work
practices differently, as work practices are a part of the culture of science that may not be
familiar to many volunteers. While many other aspects of cultural diversity may converge
in citizen science projects, the scientist/citizen discontinuity is likely to dominate in culture,
organizational affiliations, and work practices.
Chudoba et al. (2003) specify temporal discontinuities as specific to collaboration across
time zones, although they also mention differing perceptions of time, which seem likely to
occur along the same divisions as work practices. Time zones as the primary operationaliza-
tion of temporality assumes the need to organize around synchronous work, however, which
is not the usual case for citizen science. The actual temporal structures of participation are
widely variant but are rarely defined by discontinuities across time zones. For the most part,
the task structure is asynchronous by design, as the typical citizen science protocol repre-
sents a mode of participation that is specifically engineered to reduce interdependencies and
frequently requires long-term and repeated task execution.
The nature of the discontinuities of physical and spatial locations can be more complex.
Spatial discontinuities reflect the differences of location in which participants do their work,
and are one of the great strengths of citizen science. Many projects are conducted via
citizen science methods specifically to take advantage of the ability to collect data from
geographically dispersed observers. Even in projects where a place is defined by a geographic
boundary within which the project is conducted (e.g., within a particular National Park),
there may be individual sites for each participating volunteer, leading to a number of separate
locations. A diverse array of configurations of spatial discontinuity occur in citizen science,
which impose varying requirements on project and technology design.
13
As Watson-Manheim et al. (2002) note, considering the continuities in a virtual work
setting may help reflect on the discontinuities. For each side of the cultural discontinuity
between social worlds of scientists and volunteers, the continuities are nearly universal: each
side shares goals, values, ICT, and work practices among its own members. Across the
cultural divide, however, these continuities cannot be assumed. While shared goals provide
continuity across roles, the work practices and scientific values are likely to differ. The
technologies supporting the work may also differ, with scientists and project leaders likely to
have access to more and different technologies than those used by volunteers. With so many
discontinuities and so few continuities between individual participants at a project level, the
few continuities that do exist must draw on strong social and narrative infrastructures.
A shared goal or mission is likely as important in citizen science as in most other contexts
of voluntary work. At a high level, the shared goals of citizen science are those of science,
which are often communicated in an idealized form when presented to the public. Scientific
knowledge production is a compelling goal for many individuals who may consider scien-
tific research a public good. Likewise, participation may be perceived as a contribution to
improving natural resource management decision-making, for example, linking the explicit
scientific research task to a common value related to conservation.
Place and Space
The role of physical place and space in virtuality is often overlooked or assumed to be
mediated by technologies, and provides a promising variable for identifying broad types of
citizen science participation. Place and space represent a dimension of virtuality that is
expected to have significant influence on organizing, project resources, and ICT use. Nearly
all observational activities (with a few exceptions) have this quality, as they are structured
to collect reports of something in the location in which participants are physically present
when participating.
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While space denotes a physical location, place indicates meaning attached to a location,
and may be more strongly influenced by social than physical dimensions (Hidalgo & Hernan-
dez, 2001; Harrison & Dourish, 1996). Research into the relationships between people and
settings, or place attachment, has identified that individuals who are attached to a place are
more likely to contribute time and resources to support it, and groups often tap into this
emotional attachment to mobilize for protection of special places (Moore & Koontz, 2003).
This suggests that place-based citizen science participation is likely to reflect the influence
of place attachment.
The composition of place and space, which can encompass a multiplicity of physical and
cultural locations, is a fundamental consideration for the design of citizen science activi-
ties and technologies. At the extremes, projects that have no place-based element (e.g.,
GalaxyZoo) exhibit a very different design for the participation processes and supporting
technologies than projects that are located within specific places, such as long-term species
monitoring at National Parks. Other projects with some elements of place (e.g., The Great
Sunflower Project) fall somewhere in between, and may need to support different aspects
of participation. The variety in virtuality of place and space in citizen science has inter-
esting implications for citizen science study design and participation. While virtuality is
conceptualized in terms of discontinuities of place and space, it is closely linked to the use
of technologies that are instrumental in supporting large-scale participation.
1.3.2 Technologies
The Greek root of the word technology is techne, meaning neither material tools nor
applied skills, but referring instead to knowledge. Technology-as-practice arises from this
most basic type of knowledge; modern machines and tools are created as means to ends,
and are derived from the subsequent technology (Rojcewicz, 2006). Heidegger identified the
dichotomy by differentiating technology as human activity from technology as a contrivance:
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We ask the question concerning technology when we as what it is. Everyone knows
the two statements that answer our question. One says: Technology is a means to
an end. The other says: Technology is a human activity. The two definitions of
technology belong together. For to posit ends and procure and utilize the means
to them is a human activity. The manufacture and utilization of equipment, tools,
and machines, the manufactured and used things themselves, and the needs and
ends that they serve, all belong to what technology is. The whole complex of
these contrivances is technology. Technology itself is a contrivance, or, In Latin,
an instrumentum. (Heidegger, 1977)
Interestingly, these distinctions between definitions of technologies parallel the distinctions
between three types of “information” from Buckland (1991): information-as-knowledge,
information-as-process, and information-as-thing.
Applying modern usage of the term, from a conceptual standpoint, technologies are any
tool or routine that may be used in project processes. A participation protocol, for exam-
ple, is an important technology for most citizen science projects that are organized around
collection of observational data. A paper data sheet is also an important technology that
is widely used, even in projects that require online data submission via digital technologies.
The term technology is used interchangeably with ICT here to refer to a wide variety of
information, computing, and communication technologies that are employed in support of
citizen science. In later analysis, however, the distinction between ICT and other types of
technologies is specified whenever relevant to the discussion.
What these technologies promise for citizen science is affordable scalability through re-
duction in coordination and production costs. Silvertown (2009) identified the availability
of technologies for collecting and disseminating information from the public as a significant
factor supporting the recent explosive growth in citizen science. In particular, involving
volunteers in distributed data processing has really only become feasible since broadband
Internet access became widely available in developed countries. Developing the cyberinfras-
tructure to support this type of project requires both adequate initial funding to develop the
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tools for participation and fairly large numbers of active participants for an acceptable re-
turn on investment. Projects with the resources to develop these custom information systems
have had spectacular results, leading to efforts to develop more general, reusable technology
platforms to support a larger variety of citizen science projects. The eBird project is a good
example of the economies of scale that can be achieved, reporting over 10 million observa-
tions collected in 2008, with a cost per observation of approximately three cents, a price that
continues to drop as the number of contributors increases (Sullivan et al., 2009).
For long-term citizen science projects, the role of technologies appears to be transforma-
tional primarily in the coordinative and communicative dimensions of practice, with wider
access and ease of organizing for engaging a larger number of contributors in an online en-
vironment. Often the data collection and reporting activities that involve recording data
on a paper form are not very different from those involving reporting data via an online
form. In fact, many projects combine the use of both paper and digital data forms because
volunteers record observations on paper data sheets while in the field, with data entry for
online reporting as a direct replacement for (or addition to) faxing or mailing the original
documents (Wiggins et al., 2011).
More recently, smartphone technologies enable on-the-spot data submission, offering a
promising way to reduce the effort and sources of error involved in volunteer participation
(Graham, Henderson, & Schloss, 2011). New platforms combining web portals with mobile
applications, such as What’s Invasive! and Project Noah, reduce the amount of work volun-
teers expend on filling and submitting forms. At the same time, these tools can also improve
data quality and verification options, reduce lags in reporting with electronic data submis-
sion occurring at the time of observation, capture precise location information automatically,
and permit inclusion of photographs for expert validation. These variations in the role of
technologies in citizen science also blur the line between “online” and “offline” participation,
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at least for volunteers who are comfortable with these technologies.
The foregoing discussion focused primarily on uses of technologies to support the task-
related processes of participation. Technologies also support citizen science projects with
tools for social interaction among participants. Common social computing technologies, such
as blogs, discussion forums and social media tools, can permit dialog between participants
and may provide an essential function in long-term sustainability for some citizen science
projects. Such venues for social participation also provide support for learning and member-
ship processes, the development of collective identity, and the cultivation of a community (or
network) of practice (Wenger, 1999). These social processes of participation are mutually
constituted with the technologies that enable and constrain them, and the development of
these sociotechnical arrangements is the focus of the following section on organizing.
1.3.3 Organizing
Organizing is a simple notion that is operationally complex. Intuitively, organizing is the
process of creating order (Dictionary.com:2012, 2012a), whether the objects of organizing
are artifacts, actions, people, or a combination of these. Organizing also refers to creating
a whole from coordinated or interdependent parts, another way of creating order. Order is
created when we structure and systematize according to rules. Organizing is a basic human
activity: we organize without even being aware that we are organizing.
The intuitive conceptualization is problematic, however, as it promotes an oversimplified
view of organizing. The time scale of organizing can vary substantially, sometimes requiring a
few moments and sometimes generations. In everyday life, we often organize multiple types
of entities according to multiple conflicting rules in both one-time and routine processes.
Organizing may be done individually to create order for individual needs, or it may be a
social activity imbued with increased complexity from establishing shared meaning.
These social processes of organizing are one focus of the current work. The most common
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perspectives in organizational theory focus on organizations as the outcomes of organizing;
for example, a classic definition identifies an organization as a set of deliberately created,
stable social relations with the explicit intention of continuously accomplishing some specific
goals or purposes (Stinchcombe, 1965). From this viewpoint, organizing is conceptualized
as the process of generating an organization to meet a particular goal, leading to the notion
of organizational design. Organization-focused conceptualizations suffer a failure in ter-
minology that narrows interpretation: effective organizing leads to “organization,” but we
may label it in different ways depending upon the objects of organizing, e.g., classification,
standards, organization, etc.
A number of prominent organizational theorists conceptualize organizations as informa-
tion processing systems (e.g., March, Simon, & Guetzkow, 1958; Cyert & March, 1963;
Weick, 1969; Galbraith, 1974; Tushman & Nadler, 1978; Daft & Weick, 1984; Stinchcombe,
1990), for which the implicit or explicit goal is reduction of uncertainty through the acqui-
sition and use of information. The expectation that information processing occurs in the
service of decision-making reinforces the idea that organizing comprises goal-oriented activ-
ity, which is appropriate to the context of citizen science. Taking an information processing
perspective provides numerous links to the literature on job and task design, which is relevant
to understanding the way that organizing is related to participation.
Adopting a social process view of organizing, Weick (1969) proposes that organizing
constitutes organization:
Assume that there are processes which create, maintain, and dissolve social collec-
tivities, that these processes constitute the work of organizing, and that the ways
in which these processes are continuously executed are the organization. The same
processes operate through a variety of media. ... Their appearance may change,
but their workings do not. (Weick, 1969, p.1)
The social process perspective increases the range of social structures that may be consid-
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ered an organization by focusing on the process of organizing rather than the state of a
social structure, e.g., by including articulation work and coordination. This view may be
more appropriate for citizen science projects, as they are not usually organizations in the
institutional sense. The term “organization” is therefore used throughout this document in
reference to formalized social institutions such as businesses and agencies rather than other
types of products of organizing.
Several theoretical clarifications on organizing from Weick (1969, p.36–42) are also helpful.
First, Weick proposes that organizing processes are continually ongoing because the condi-
tions for operation are continually changing. Social processes never unfold in exactly the
same way twice, indicating the centrality of organizing to social activity and emphasizing the
recursiveness of these processes. This dynamic perspective recognizes organizing as recursive,
characterized by processes of self-production (autopoiesis) that allow a system to adapt to
fluctuations in its external environment through changes to its internal organization (Matu-
rana & Varela, 1980; Luhmann, 1995; Mingers, 1995). Second, Weick specifies that control
processes in organizations are accomplished by relationships rather than people, which is rel-
evant to citizen science because of the expected influence of cultural discontinuities between
project leaders and volunteers. Finally, the aforementioned assumption that organizing is
directed toward reducing uncertainty in the informational environment provides a broad
conceptualization of organizing applicable to a novel context. More specifically, centralized
control and role divisions between staff or scientists and volunteers are specific mechanisms
for reducing uncertainty. These mechanisms seem to be a natural feature of citizen science
due to the cultural significance of these roles and the expectations of scientific research.
The conceptualization of organizing as uncertainty reduction ties the focus on organizing
processes in citizen science to the processes of participation through which members of the
public are engaged in scientific research, discussed next.
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1.3.4 Participation
Participation, simply defined, is “the act of taking part or sharing in something” (Dictio-
nary.com:2010, 2010). By definition, participation links the individual to the collective: the
literal Latin translation, “to take part,” indicates a social activity or state in which a person
contributes to or is involved in an event, project, or other shared interest. Participation is
a central concept in understanding the phenomenon of citizen science, as it is the means
through which individuals become involved in collective action. Although the concept of
participation in a general sense refers to the activities of all participants in a collective ef-
fort, the participation processes of primary interest for this study are those of the volunteers.
This document uses the term participation in a similar sense to the way the term “work” is
used in the related literature.
Like virtuality, participation is a multi-faceted concept. In citizen science, participation
refers to the ideal version of the tasks that are designed and structured to support the
project’s research and educational goals, usually documented in a protocol, and also refers
to the tasks as they are interpreted and actually carried out by volunteers. Participation
includes activities undertaken by volunteers to support task-oriented participation and non-
task activities such as social interaction. Both of these types of participation contribute to
project outputs and are influenced by the technologies supporting project participation, as
will be discussed in the remainder of this section.
Task Participation
Task-oriented participation leading to contributions to the scientific goals of a citizen
science project takes two forms, ideal and actual. The ideal form of volunteer participation is
typically documented in a protocol that provides instructions on how to make contributions
to the project. These protocols are variable in detail and formality, and as a genre of
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communication between project leaders and volunteers, are usually identifiable by name or
inclusion of an enumerated list of steps for participation.
The most common task structures of participation in citizen science feature reduced inter-
dependence between contribution activities. The aggregation of the products of individual-
level participation balances out the low task interdependence at the individual level with
pooled interdependence at the project level, in which each individual makes a discrete con-
tribution to the whole. The ways that the context of the larger research process is communi-
cated to volunteers may influence individual-level participation and by extension the quality
and quantity of the individual contributions. Rettberg (2005) characterizes project-level
awareness among contributors to collective narratives as conscious, contributory, and un-
witting participation. Citizen science participation falls into the conscious and contributory
modes of participation, in which individuals are knowingly contributing to the project, but
with varying levels of understanding about the way their contribution fits into the project
at the collective level. Promoting such bigger-picture comprehension is a common informal
science education goal. The ability of individuals to understand the role of their personal
contributions to the aggregated research product is a form of collective attribution that can
be specifically supported with tools that help reinforce the value of individual volunteer
contributions.
Task-oriented participation is also influenced by the substitutability of individual contri-
butions. In some projects, only one solution or decision is needed (e.g., classification of an
image of a galaxy) and redundant contributions provide quality control, while other projects
need each unique contribution because they are not necessarily substitutable or redundant
(e.g., observations of pollinator service of sunflowers at a continental scale.) Participation
in citizen science where redundancy provides quality control bears a stronger resemblance
to the innovation-oriented practices of “crowdsourcing” further discussed in Chapter II, in
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contrast to projects where geographic distribution of volunteers allows new variations on the
well-established practice of volunteer monitoring. Using ICT to support volunteer monitor-
ing does not make it crowdsourcing per se, although volunteer monitoring projects can be
designed in a way that follows the crowdsourcing model of participation. Instead, citizen sci-
ence is a phenomenon that is better represented as involving multiple potentially overlapping
models of task design and participation.
Social Participation
Taking part in a citizen science project can mean engaging in more than just data collec-
tion or processing. Social interactions can be an important aspect of participation, providing
a way to motivate ongoing involvement through community development, healthy compe-
tition, and knowledge sharing. Social participation can take a number of forms, such as
posting to forum discussions or sending messages to email listservs, recruiting friends to
participate, or finding ways to engage family in the project activities.
The nature of social participation in citizen science projects is likely related to the extent
of virtuality and use of technologies. At a minimum, in some cases certain modes of partic-
ipation cannot serve as venues for social interaction because the project does not use social
technologies to support its activities. It is also possible that technological infrastructure to
support social activity among project participants may be implemented independently of the
project, either preceding it or emerging in its wake.
The types of social participation that are possible under different conditions of virtuality
are not only influenced by technologies, but also by the nature of task. Examining images of
galaxies, for example, may be less likely to be undertaken as a social activity than watching
sunflowers to count visiting bees, perhaps due to differences in the ease with which the
activity can be made a part of existing social routines. Watching for migrating raptors (hawks
and eagles) in a colocated, synchronous setting is structured so that the experience almost
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certainly involves social interaction during participation, as do local or regional projects that
hold group training sessions for otherwise geographically distributed participants. These
types of non-task participation can support the development of a collective identity and a
sense of belonging (Wenger, 1999), and are therefore expected to be important contributors
to the development of a sustainable project. The study examined different forms of task
and non-task participation to better understand the role of social interaction in supporting
project outputs and sustainability.
Meta-Contribution
A third type of participation is meta-contribution, a form of participation that supports
the participation of other contributors (Crowston & Fagnot, 2008). Meta-contribution can be
either task-oriented or social in nature, and typically requires more expertise, experience, and
tolerance for uncertainty with respect to less structured task types which may require more
independent judgment than is involved in the core contribution tasks. Meta-contributors
can also represent an added level of hierarchy in role-based social structures, serving to
some extent as intermediaries between organizers and volunteers. For example, volunteers
who perform quality assurance review of data submitted by other volunteers are providing
task-based meta-contribution. Alternately, individuals who answer the questions of other
volunteers in forums or provide informal mentorship are engaging in social meta-contribution.
Mtea-contribution is seen in numerous other contributory contexts, such as the Wikipedia
(Bryant, Forte, & Bruckman, 2005). Creating formalized meta-contribution roles is a com-
mon practice in many traditional voluntary work contexts. For example, in train-the-trainer
models of organizing, when the trainers who interact with learners are also volunteers, they
perform a meta-contribution task. Meta-contribution is of particular interest in the con-
text of citizen science because it has potential to substantially increase the scalability of
participation. Although organizers may have limited time to devote to projects, enlisting
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the assistance of a wider meta-contributor base can help to support the efforts of a larger
number of volunteers than might be effectively managed otherwise.
1.3.5 Scientific Outcomes
Participation and organizing can take a variety of forms that influence the task-related
products of a citizen science project and therefore the scientific outcomes. As previously
mentioned, expertise is one part of the task design formula, and is consistently the variable
mentioned in the concern over quality, demonstrating the practical relevance of identifying
effective ways to design appropriate participation processes for diverse participants. The goal
of creating a scientifically-valid study that is simultaneously a participation-worthy activity
can require design tradeoffs to accommodate these additional constraints. Project outcomes
must be evaluated by comparison to the project’s own goals, as other contextual differences
between projects (e.g., data sharing, funding sources, domain of research, etc.) will likely
moderate any quantitative measures of output such as scholarly publications or public data
sets. Gathering histories of project development and outcomes over time, however, could
surface common course corrections made during project life cycles.
A pilot stage of research design development and adjustment is common across most sci-
entific endeavors that must establish new research processes, but in citizen science projects
it is complicated by the uncertainties of incorporating volunteer participation. The study
design and piloting process may represent a critical phase for the project’s long-term sus-
tainability and scientific production. This has particularly important implications for citizen
science projects in research areas that may be constrained to adjusting the protocol once per
year, for example, limiting the ability to adapt the study design if early outputs indicate a
need for revision.
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1.4 Significance
This research contributes to the literature on citizen science, crowdsourcing, and scientific
collaboration. It also advances the discussion of virtuality into a new context. The literature
on virtuality demonstrates an ongoing interest in the academic research community, and
virtuality in group work continues to pose challenges to collaboration success that influence
progress in the sciences, evident in continued funding by the National Science Foundation
for theory-based research into virtual teams and organizations.
There is also increasing academic attention to large-scale contribution systems and pro-
cesses of participation in virtual communities. Most prior studies have examined self-
organizing systems and peer production, typically focusing on phenomena like open source
software or Wikipedia. Citizen science, although similar with respect to the goal of gen-
erating collective products through a distributed mode of participation, also displays some
interesting points of divergence from peer production as a result of the constraints imposed
by the scientific and educational goals of the projects, which will be discussed later. The
phenomenon therefore presents an opportunity for research addressing the challenges of vir-
tuality in distributed collaboration contexts that are not characterized by self-organization,
providing a meaningful contrast to the prior literature.
The growth and diversity of citizen science projects indicates an opportunity for new
research focused on the relationship between organizing, participation, and scientific knowl-
edge production, as well as a need to translate the findings for application to practice. As
yet, there has been little published research on the phenomenon of citizen science for several
reasons. The first reason is that despite the long history of public participation in science,
citizen science is a relatively recent term for a specific form of public participation in science
which has been in use for less than two decades. Second, many citizen science projects do
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not fit into the hypothesis-testing model of scientific research, and therefore may not be
written about in the formal literature (Silvertown, 2009). The shortage of social research
on technology-enabled public participation in scientific knowledge production suggests an
opportunity for novel contribution to both the literature and practice.
Directly addressing Bannon and Schmidt’s (1989, p.369) call for research in computer-
supported cooperative work (CSCW) that addresses the “need to develop a theoretical frame-
work that will help us understand the complex interactions between the technical subsystem,
the work organization, and the requirements of the task environment” is one goal of this re-
search. The focus on processes in citizen science as the object of conceptual development also
provides a theoretical foundation for next-generation technologies and cyberinfrastructures
to support this form of scientific collaboration. Further, developing a better understanding of
organizing and participation processes in citizen science can benefit practical decision-making
and research policy development.
1.4.1 Audiences
The results of this study have two audiences, academic and practitioner. While this
research is primarily oriented toward an academic audience, it also seeks to answer questions
relevant to the practitioner community. The interests of these two audiences overlap but are
not identical, although a significant proportion of the practitioner audience are also trained
research professionals.
Academic researchers in information systems, CSCW, and organization studies all stand
to gain from the findings in the research areas of virtual organizations, social computing, and
social informatics (Sawyer & Eschenfelder, 2002). This research contributes an empirically-
grounded theoretical framework that highlights concepts and relationships that may gen-
eralize beyond the boundaries of the phenomenon of study, permitting comparisons across
different forms of distributed collaboration.
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Practitioner audiences are expected to benefit from findings that can support decision-
making to improve the design and outcomes of citizen science projects. In particular, ex-
amining how different aspects of virtuality impact participation can inform the design of
activities and technologies for ICT-supported forms of participation. Investigating orga-
nizing and participation processes and outcomes provides an opportunity to identify best
practices and effective uses of technologies to support both task-related and social aspects
of participation.
1.5 Overview
This overview of the remainder of the study briefly summarizes the following chapters.
1.5.1 Literature Review
The literature review begins with literature relevant to the context of the phenomenon
of interest, followed by description of an initial conceptual framework. The basis for the
research is grounded in literature on public participation in science, scientific collaboration,
and online communities. The review provides an overview of scientific collaboration, includ-
ing discussion of collaboratories and cyberinfrastructure that support distributed scientific
work. Studies of online communities find evidence of high quality collaboration outcomes
from diverse contributions from volunteers, with self-organizing peer production structures
that share some features with citizen science. Moving to the literature focused on citizen
science, the review summarizes descriptions of several forms of public participation in sci-
ence, focusing on typologies of participation in citizen science more specifically. Many of
these typologies center on the nature of the collaboration between scientists and volunteers,
highlighting the design of participation opportunities.
The review is followed by an introduction to an initial conceptual framework for research
on citizen science. The framework conceptualizes the phenomenon at both individual and
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project levels, including concepts and relationships expected to be relevant to citizen science.
This initial conceptual framework was based on literature from small groups theory and
additional literature from a variety of fields, attuned to the contextual factors expected to
have the most influence on the phenomenon, and was used to guide data collection and
analysis.
1.5.2 Methods
The research design is a comparative case study, with the conceptual framework intro-
duced in Chapter II providing the focus for data collection and analysis. Selected concepts
from the framework provided the primary concepts for further investigation, and theoretical
sampling was employed to select three cases for in-depth study. Field research methods were
used to collect several types of data to test and further develop the theoretical framework.
As data were collected, analysis began with interview transcript coding and description of
each case for within-case analysis. Comparisons were drawn throughout the data collection
and analysis process, with the within-case analysis completed before cross-case analysis was
undertaken in earnest. Combined with the specified research questions, the iterative and
concurrent data collection and analysis strategy employed both inductive and deductive ap-
proaches. The quality of the research is strengthened by several elements of the research
design.
1.5.3 Case Studies
Each of the three chapters describing the case study projects provides background on the
project, discusses how it operates, analyzes the emergent themes and relationships evident
in the project, and relates these observations to the concepts from the research questions.
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Mountain Watch
Mountain Watch is a citizen science project operated by the Appalachian Mountain Club
(AMC) with two sub-projects focusing on air quality and plant life cycles (phenology.) Based
primarily at the AMC facilities in New Hampshire’s White Mountains, phenology monitor-
ing is the primary focus of Mountain Watch, which is also designed for data collection in
other forests and mountain ranges in the Northeastern U.S. Mountain Watch represents
a maturing, long-term, place-based citizen science project that has demonstrated rigorous
scientific approaches to protocol refinement and has leveraged organizational resources to
expand outreach to a constantly changing participant base.
The Great Sunflower Project
The Great Sunflower Project engages participants across North America to answer re-
search questions that are important to understanding and protecting pollinator populations.
It was founded in 2008 by Dr. Gretchen LeBuhn, an academic researcher at San Francisco
State University. For her, organizing a citizen science project promised a larger and more
geographically diverse data set to support her research, as well as an opportunity for public
outreach and education. The project’s initial research questions focused on bee visitation
rates across urban, suburban, and rural habitats. The Great Sunflower Project is a young,
underfunded, and technologically disadvantaged citizen science project that has shown re-
markable potential and resilience despite substantial challenges.
eBird
eBird is a popular citizen science project operated by the Cornell Lab of Ornithology, a
nonprofit organization focused on bird conservation and research and an international leader
in developing and promoting citizen science practices. eBird allows users to keep birding
observation records online and users can submit data by completing online checklists of birds
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seen and heard while birding. The data have been used for policy development, conservation
and land management decision-making, countless tools and reports for birders, and scientific
research across several disciplines. eBird is widely considered one of the most successful
citizen projects in existence, and represents a mature, well supported, and technologically
sophisticated project that has engaged volunteers internationally on a large scale.
1.5.4 Theoretical Framework
This chapter presents the theoretical framework that was iteratively developed through-
out the study. It served as a lens for focusing the research and identifies several practical
considerations for citizen science projects and can help direct future research. The theoreti-
cal framework is presented with a systematic review of each concept, with examples drawn
from the cases.
1.5.5 Cross-Case Analysis
The emergent findings from the case studies include five thematic topics that relate to
theoretical concepts from both the framework and the research questions.
1. Citizen science project design approaches that favor science versus hobbies for partici-
pation design.
2. Project design and organizing implications of engaging communities of practice.
3. Relationships between physical environment, technologies, participant experiences, and
data quality.
4. Information technology tradeoffs: helpful for scale and communication, challenging for
usability and resources.
5. Resources and sustainability relate to institutions and scale of participation.
1.5.6 Conclusions
This chapter begins by discussing the limitations of the research. It then reviews how the
foregoing chapters answered the research questions and highlights additional relationships
31
between concepts from the theoretical framework. It also suggests opportunities for future
research and outlines the contributions of the study.
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CHAPTER II
Literature Review
Citizen science is increasingly popular as a means for broader audience to engage in
scientific work. While information and communication technologies (ICT) are not strictly
necessary to accomplish many goals of citizen science projects (one could imagine submit-
ting observations by US mail, and indeed, this mode of contribution is still in practice), the
economies of scale from using ICT are such that many of the projects emerging today would
not have happened without the enabling information technologies. It is therefore impor-
tant to consider how technologies and virtuality influence processes and outcomes in citizen
science.
This chapter reviews the literature in several areas relevant to citizen science, developing
a foundation for investigating citizen science as a type of virtual organization. The literature
provides grounding in the phenomenon of citizen science which informed the development of
the conceptual framework. The following section introduces the conceptual framework used
to guide the research process and the evolution of the empirically-based theoretical model
presented in Chapter VIII.
2.1 Literature Review
Literature selected for review has particular relevance to the context of citizen science as
a type of virtual organization. It is an unusual blend of adjacent topics: distributed scientific
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collaboration, online communities, and citizen science. These areas of research overlap with
the others, as shown in Figure 2.1. However, they have not yet come together as a triad,
leaving a gap in the literature that will become increasingly significant with more growth of
scientific work taking place through online communities. This review discusses each of these
topics in turn and then summarizes the literature to provide a contextual foundation for the
development of a conceptual framework to guide further study of the phenomenon.
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Figure 2.1: The overlap of research topics relevant to citizen science.
2.1.1 Scientific Collaboration
The research literature investigating scientific collaboration is enormous, sprawling across
a variety of disciplines. Its relevance here is to establish the broader context within which
citizen science operates through discussion of scientific collaboration processes and gover-
nance structures, collaboratories, and cyberinfrastructure. More attention has been given in
the research literature to collaborations among scientists than collaborations involving the
public. This is not surprising, given that the dominant model of science in the last century
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has favored an ideal of formal education as the qualification for producing scientific research.
However, as public participation becomes an increasingly valuable component of scientific
research, a reorientation of the perspectives from these studies becomes necessary to under-
stand citizen science as an evolving form of distributed scientific collaboration. This section
briefly reviews the topic, with an overview of scientific collaboration processes more gener-
ally, distributed collaboration more specifically, and finally cyberinfrastructure and eScience
as the phenomena linking scientific collaboration with online communities.
Scientific Collaboration Processes
Sonnenwald (2007) provides an excellent overview of the research on scientific collabo-
ration, which spans many fields and appeals to a variety of research interests. The review
defines scientific collaboration as social interaction among scientists in the interest of fur-
thering a common goal, noting that the tasks involved in scientific collaboration have a high
degree of uncertainty that are complicated by functional and strategic dependencies between
researchers. Most literature on scientific collaboration is focused on discontinuities in culture,
place, and organization, resulting in rich streams of research on disciplinary diversity (e.g.,
Qin, Lancaster, & Allen, 1997; Cummings & Cross, 2003), geographic distribution (e.g.,
Finholt, 2002), and organizational and community relationships in scientific collaboration
(e.g., participatory action research).
Sonnenwald (2007) organizes a more detailed discussion of the extant research according
to the stages of the scientific collaboration lifecycle, which include foundation, formulation,
sustainment, and conclusion. The factors affecting each of these broad stages of research
collaboration are considered in greater depth throughout the article, and are included in Ta-
ble 2.1, as these factors represent important concepts to consider in developing a conceptual
framework to study scientific collaboration. Notably, these stages of scientific collaboration
can be interpreted as a process model, in which research progresses through the four stages
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Stage Components Factors
Foundation Antecedents to collaboration Scientific; political; socioeconomic;
resource accessibility; social networks &
personal
Formulation Initiation and planning of
collaborative research
Research vision, goals & tasks; leadership
& organizational structure; ICT; IP & legal
Sustainment Work must be sustained over
time to achieve goals
Emergent challenges; learning; communi-
cation
Conclusion Collaborative results emerge Definitions of success; dissemination of
results
Table 2.1: Factors affecting stages of research collaboration, from Sonnenwald (2007).
in overlapping sequence. What the categorical structure of the classification fails to repre-
sent is that scientific collaboration is often a series of ongoing relationships punctuated by
multiple collaborative projects, leading to a looping structure in which conclusions lead to
new formulations and foundations.
The governance structure of scientific collaboration has taken several forms. Chompalov,
Genuth, and Shrum (2002) characterize the organizational styles of scientific collaboration
as bureaucratic, semi-bureaucratic, and participatory, noting that the latter category was
applicable in only one field, particle physics, where the factors for the foundation stage of
collaboration were markedly different from other disciplines. Upon examining the relation-
ship between governance forms and research practices,“the major connection that emerges
is between the structure of leadership and the character of interdependence—greater in-
terdependence leads to decentralization of leadership and less formalization” (Chompalov
et al., 2002, p.752). This finding provides an interesting contrast to self-organizing online
communities where work is also considered highly interdependent, but is differently struc-
tured. In open source software development, for example, resource-specific dependencies are
all but eliminated so that lower interdependence permits decentralization of leadership and
less formalization.
Leaving aside concerns of governance structure in collaboration, Olson and Olson (2000)
identify specific challenges that contribute to success or failure of research projects, drawn
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from the research on distributed collaboration. These challenges are more broadly applica-
ble, and include common ground, work coupling, collaboration readiness, and collaboration
technology readiness. More generally, these challenges represent the social, coordinative,
cultural, and technological barriers to collaboration. Studies of collaboration often high-
light social and cultural issues, for example, the challenges that arise in research engaging
partners from developed and developing countries who have differential access to resources
(e.g., Cohen, 2000). Other studies focus on the challenges encountered in promoting data
sharing, which plays a key role in scientific research collaboration but is strongly influenced
by social and cultural norms and practices. Birnholtz and Bietz (2003) examined how data
contribute to scientific fact and scientific community in three research domains. The found
that data contributed to the scientific community functions of boundary management and
status indication while also providing a vehicle for increased engagement. These functions of
data are particularly relevant for consideration in the context of citizen science, as volunteer
participation often takes the form of data contribution or reduction. Likewise, volunteers’
access to resources for participation may be a concern for some citizen science projects with
resource dependencies related to technology-mediated participation.
The methods for studying scientific collaboration are nearly as varied as the aspects of
the phenomena that they study. The literature on scientific collaboration includes many
bibliometric studies employing analysis of citation and authorship patterns to understand
knowledge production in the academic sphere. The focus of these methods on the knowledge
artifact as evidence of collaborative behavior is not well suited to understanding collaboration
that involves the public in science. For example, the hundreds of thousands of contributors
to eBird are not co-authors on the academic papers produced from the shared data, but
are still critically important collaborators in the production of scientific knowledge and are
recognized in the acknowledgement sections of articles. Instead, other forms of evidence
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are required to examine the nature of scientific collaboration when the research engages a
broader participant base than scientists alone.
Collaboratories
Combining the words collaboration and laboratory, the term “collaboratory” denotes a
virtual research environment in which ICT provides distributed collaborators access to col-
leagues, instrumentation, shared data, and computational and intellectual resources (Wulf,
1993). The move towards collaboratories for scientific work is predicated in part on the in-
crease in large-scale “big science” research (de Solla Price, 1963), and the idea of distributed
intelligence mobilizing scientific effort via ICT (Finholt, 2002). Besides investigating the
information technologies that can support complex work, another goal of research on col-
laboratories is reducing geographic and status barriers to interaction between scientists, as
increasingly affordable ICT have become ubiquitous in scientific work. While collaborato-
ries partnering with formal education environments have shown promise (Finholt, 2002),
these efforts focus on providing an avenue to participation rather than a means of increasing
capacity for scientific knowledge production.
Although the early research on collaboratories focused almost exclusively on collabora-
tion among scientists, The Science of Collaboratories project conducted a landscape survey
of IT-enabled research collaboration (Bos et al., 2007). This research demonstrated that
virtual environments have promoted contribution to scientific research by a wider variety
of participants. The Science of Collaboratories project developed a typology for describing
a variety of distributed scientific practices. Among the seven types of collaboratories, two
engage the public: Community Data Systems and Open Community Contribution Systems
models. The differentiation between these two forms reflects a practice-based distinction
between public participation in data collection versus data processing tasks. Together, these
models describe the majority of technology-enabled citizen science projects.
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Much of the research on collaboratories focuses on the tools used to support distributed
collaboration. For example, Farooq et al. (2007) examine the technology design requirements
for CiteSeer, a large-scale digital library of scientific literature. As the scale and complex-
ity of a scientific collaboration increases, the literature has shifted from describing these
projects as collaboratories to cyberinfrastructure projects, although there is no definitive
separation between these forms. Researchers have returned to exploratory and descriptive
research designs to begin to understand the situated contexts in which cyberinfrastructures
are developed and used.
Cyberinfrastructure
Cyberinfrastructure (CI) for the sciences takes collaboratories to the next level; the term
refers to “the coordinated framework of technology and human expertise intended to sup-
port scientific discovery, particularly research requiring high-performance computing, large
quantities of data, or distance collaboration” (Lawrence et al., 2007, p.1). The related con-
cept of eScience refers more specifically to the practices of distributed collaboration that
are reliant on cyberinfrastructure (Hey & Trefethen, 2005). Citizen science projects often
rely on a combination of technologies and human participation, can produce scientific cy-
berinfrastructure in the form of research resources, and are often characterized by spatial
discontinuities among participants. As such, citizen science can be considered a type of
eScience as well as a form of cyberinfrastructure: it is both a set of practices representative
of a particular type of distributed scientific collaboration, and its enabling technologies and
products can provide a form of sociotechnical foundation for scientific research characterized
by large data sets, distance collaboration, and high-performance computing. Research in the
areas of cyberinfrastructure and eScience are currently in their infancies, with a few initial
studies focusing on the same challenges as those of collaboratories, particularly coordination,
geographic dispersion, and social aspects of sharing in science.
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Lawrence et al. (2007) identified several differences between cyberinfrastructure-based
projects and collaboratories in the literature, as the magnification of geographic, organiza-
tional, and cultural discontinuities of project members created a number of new challenges.
Unlike collaboratories, CI projects were found to have decentralized leadership and less flex-
ibility due to tightly coupled work, because the growing scale of participation results in
increasing discontinuities and heavier reliance on ICT to moderate their effects. Citizen
science also increasingly relies on ICT to overcome discontinuities inherent in massively dis-
tributed work, often with the goal of expanding the scale of participation. Although the
scant research on cyberinfrastructure to date assumes that scientists are the primary partic-
ipants whose work must be supported, the situation that is presented in these studies is very
similar to the conditions of technology-mediated citizen science due to the considerations of
scale and scope.
The shift toward cyberinfrastructure-based organizing has impacts on social aspects of
scientific work. Lee et al. (2006) discuss the role of coordination and social practices in
developing cyberinfrastructure, while De Roure et al. (2008) focus on the technical as-
pects of supporting social interaction and sharing among scientists in a scientific virtual
research environment, myExperiment. myExperiment is just one of a variety of sophisti-
cated tools available to enable open science, which involves sharing research and analysis
products throughout the research cycle, promoting high transparency in scientific research.
As David, den Besten, and Schroeder (2006) note, however, the complex social structures and
incentives of the institutional arrangements within which science is conducted means that
eScience does not necessarily equate to open science. These and other social and institutional
factors that form barriers to adoption for collaboration technologies can be compounded by
infrastructural barriers as well (Star & Ruhleder, 1994). Social support for eScience in the
form of cyberinfrastructure such as myExperiment’s social network platform may not nec-
40
essarily provide a readily-adopted route to open science, but it does offer a clear example
of the link between scientific collaboration and online communities more generally, to which
the discussion now turns.
2.1.2 Online Communities
Prior research has examined a variety of online communities, which thrive based on volun-
tary contributions in various forms from members at large. Ellis, Oldridge, and Vasconcelos
(2004) review the literature on virtual communities, identifying four key themes: virtual
communities of practice, virtual arenas, and virtual communities based on either proxim-
ity or common interest, with the latter being well established for scientific communities.
These studies offer useful reference points for comparison to better understand the nature of
participation in technology-mediated citizen science projects. Online communities research
examines the nature of social structure and participation in virtual environments, a per-
spective missing in the literature on citizen science, which has focused to date on the social
structure of participation more generally. Research into online communities that engage in
knowledge production often characterizes the work as self-organized peer production, fea-
turing progressive engagement of individuals who are motivated to become members of a
community of practice through ongoing contribution. Most online communities in the lit-
erature resemble self-organizing peer production models; however, citizen science typically
follows a more hierarchical model. This contrast makes the prior literature useful for better
understanding the differences and similarities between these types of contribution commu-
nities, as the remainder of the section demonstrates.
Self-Organizing in Online Communities
In studies of online communities, researchers have identified a number of instances where
self-organization is a primary feature of the social structure. When Markus, Manville, and
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Agres (2000) discussed rules and institutions as a mechanism contributing to functional
virtual organizations, they specified the adaptability and customizability of self-governance.
These features are uncommon in citizen science because protocols and rules for participation
are often centrally controlled and non-negotiable. In citizen science, the ability to engage in
monitoring and sanctioning of contributors is also usually restricted to those in leadership
roles, rather than distributed among members of the community and enacted via social
mechanisms as in other online communities. The management of membership generally
works differently in most citizen science projects, where professional qualifications may be
required for advancement to membership as a core contributor. Of the four mechanisms from
Markus et al. (2000), reputation alone serves the same role in citizen science and open source
software development, and volunteer management efforts of all stripes take advantage of the
motivational aspects of reputation. A notable difference in virtual work environments is
the improved ease of counting and algorithmically ranking contributors, enabling immediate
feedback to reinforce desirable contribution behaviors.
Building on learning theory, Wasko’s theoretical model of knowledge production highlights
the role of technologies in translating a face-to-face social structure into a virtual social
structure and the adjustments of social mechanisms to fit the computer-mediated context
(Wasko, Faraj, & Teigland, 2004). The assumptions of self-organization in the practice-based
associations, reflective of those observed by Markus et al. (2000), do not hold for the full
range of citizen science projects. While some citizen science projects may resemble these
structures, the majority are hierarchically structured. Often the only true self-organization
that volunteers engage in is self-selection—the choice to participate or not—and in some
cases, how much to participate.
Similarly, Crowston et al. (2007) examine self-organization in open source software devel-
opment, finding that self-assignment to tasks is a key coordination mechanism used in the
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entirely distributed production environment. Self-assignment to task stands in stark contrast
to task assignment practices in citizen science, which in any environment typically involves
standard protocols for participation. Unlike open source developers, volunteers do not define
or select their own tasks except on a limited basis as permitted by protocols. This is a result
of the scientific goals of citizen science projects, which nearly always demand uniform data
collection and analysis procedures. The protocol-based approach seems most similar to the
task assignment mechanism that Crowston et al. (2007) identify as “assign to an unspecified
person.” Because this task assignment mechanism gives the same task to all volunteers, it
cannot be considered self-organization: someone has to define the task. From the opposite
perspective, however, self-selecting to participate in a given project represents a functional
form of self-assignment to task in citizen science when we consider that a volunteer has
the choice to participate in other projects with different task structures. The fact that the
task is uniform for most participants effectively makes all volunteers peers in the production
process; however, as the next section will discuss further, it does not mean that they are
engaging in peer production as discussed in the prior literature.
Peer Production
In the literature on peer production systems, motivation is used to explain the choice
to participate (e.g., Wilkinson, 2008; Viégas, Wattenberg, & McKeon, 2007). Most citi-
zen science participation, however, does not meet the definition of peer production (Benkler,
2002), in which the prototypical model is generally non-hierarchical and self-organizing. Nei-
ther characteristic describes the typical citizen science project. Nonetheless, a theoretically-
focused analysis of collaborative peer production provides useful dimensions for evaluating
differences in contribution (Haythornthwaite, 2009). Examining the task design, social struc-
ture, and reward structure in the lightweight peer production model focuses attention on a
feature of the work design which is also evident in citizen science projects: pooled interde-
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pendence, in which each incremental piece of work contributes to the whole without being
contingent on other parts. Pooled interdependence and incremental work appear to be key
features of effective task design in citizen science. These dimensions of work practice pro-
vide a basis for understanding the integration of individual participation processes into the
project level in citizen science knowledge production processes.
Returning to the phenomenon of lightweight peer production discussed by Haythornthwaite
(2009), one aspect that is particularly relevant to citizen science projects is the weak tie as-
sociation among contributors, which is more aptly described as coorientation to a common
enterprise than as a true community structure. As a whole, lightweight peer production
strategies rely on minimally sized and minimally complex work units that are completed by
large numbers of contributors (Haythornthwaite, 2009). This mode of work makes up for
the inconsistency of participation and continual turn-over of contributors to maintain sus-
tainability despite dynamic membership (Butler, 2001). These principles of work design are
also consistent with the project design requirements for citizen science, which expend effort
to support volunteer retention but may also need to acquire greater numbers of contributors
to achieve geographic scale in addition to making up for inconsistencies in participation.
Attracting sufficient participation to make lightweight peer production effective is a matter
of mobilizing a large number of volunteers, which in turn relies upon volunteers’ motivation
to participate, considered in the following section.
Motivation and Engagement
Citizen science project participation resembles the lightweight peer production model
(Haythornthwaite, 2009), which provokes the perennial questions about motivation to par-
ticipate. While participation in peer production is generally expected to be motivated by
self-interest, citizen science projects appear more altruistic on the surface. In practice, this
perception seems partially true. Participants in GalaxyZoo reported multiple motivations
44
which reflect both altruism and self-interest. Raddick et al. (2010) found that the dominant
motivations for contribution most strongly emphasized an interest in astronomy and fasci-
nation with the vastness of the universe, which seem to be self-interested motivations, but
the second most common motivation was a desire to contribute, which reflects a potentially
altruistic motivation as well. Raddick et al. (2009)’s discussion of citizen science practices
also emphasizes potential social benefits arising from progressive levels of engagement in
citizen science.
General models of progressive engagement are echoed elsewhere (e.g., Preece & Shnei-
derman, 2009; Fischer, 2002). Core-periphery models of voluntary participation, much like
those seen in research on traditional work groups (Cummings & Cross, 2003), are a consis-
tent feature across a number of these domains, such as open source (e.g., Crowston et al.,
2006). Even simple models of progressive engagement, moving from periphery to core, or
novice to Wikipedian as observed by Bryant et al. (2005), demonstrate role-based contextual
differences that contributors experience in this transition. Related work develops a theoret-
ical model of the motivational arc of contribution in massive virtual collaborations, with
separate models for motivations for initial versus sustained contributions (Crowston & Fag-
not, 2008). The usual focus on motivational factors does not seem to adequately credit the
role of experience resulting from participation, however, which may transform the perceived
benefits of initial participation into experienced benefits for continuing participation.
While these studies consistently find that only a few contributors will advance through
the ranks into more engaged roles, there is not often such an advancement structure in place
for citizen science projects despite the frequent emphasis on individual development. Volun-
teers are usually free to do more repetitions of their specified task, but most participation
processes do not provide avenues for volunteers to engage in additional steps of the research
process. While some projects are structured in a way that invites individual inquiry to de-
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velop alongside of the structured processes of participation, most projects are based on tasks
that do not offer a clear way for individuals to extend their efforts beyond the confines of
the protocol. This is also a common feature of crowdsourcing efforts that restrict public
participation to very specific tasks, as discussed next.
Crowdsourcing
Crowdsourcing is an ill-defined but increasingly common term which refers to a set of
distributed production models. It is typically used to describe an outsourcing strategy that
makes an open call for contributions from a large, undefined network of people (Howe, 2006).
Initially introduced as a novel alternative business model, attention has turned more recently
to the application of crowdsourcing practices to a variety of problems in other domains,
including those that produce social goods and scientific knowledge. Early definitions of
crowdsourcing revolved around the role of corporate entities in drawing on the “wisdom
of crowds” (Surowiecki, 2004), but more recent popular use of the term has applied it to
any form of collective intelligence that draws on large numbers of participants through the
Internet. Although the specific definitions and application of the term are as yet contested,
the broader practice of crowdsourcing links citizen science with online communities.
Travis (2008) reports on InnoCentive’s use as a platform for supporting crowdsourcing
for nonprofits and public goods, but in many scientific contexts, doubts as to the value
of crowdsourcing arise, primarily regarding veracity and accuracy of crowdsourced research
products (Roman, 2009). However, these concerns often overlook the fact that the design
of the crowdsourced task must be appropriate to the scientific goals and heterogeneity of
contributors in order to generate scientifically valid outcomes, as in any other scientific
project that enlists volunteers.
The discussion now turns from scientific collaboration and online communities to the
literature focused on citizen science projects, the context for this study.
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2.1.3 Public Participation in Scientific Research
Citizen science is related to a number of phenomena across a variety of areas of research
and practice (Bonney et al., 2009), such as volunteer monitoring, community science, liv-
ing labs, and participatory action research. The boundaries separating these practices and
defining the space for citizen science are fuzzy, as scholars in different fields have used the
same terminology to refer to different types of participation. This section begins with de-
scriptions of the various labels that have been applied to different practices related to public
participation in research. This discussion of models of participation provides a basis for un-
derstanding citizen science as a phenomenon and a contextual foundation for the conceptual
framework developed later in this chapter.
Definitions of public engagement in science have produced conflicting definitions which
are used differently across communities of scholars and domains of practice. Table 2.2 shows
the labels for eight types of public engagement in scientific research, along with the research
domain where they are used and the key features of each practice. The different terminology
also represents different contexts of research practice (e.g., environmental versus behavioral
sciences) and varying degrees of public involvement in scientific research. The variations
highlighted by these overlapping terms are primarily related to the ways the public partici-
pates in the research.
The different labels for these practices are grouped into three categories in Table 2.2,
representing general classes of participation based on the type of public engagement in the
scientific endeavor. Using terms from Lawrence (2006), these are described as consultative,
functional, and collaborative forms of public participation in scientific research (PPSR.) The
common features of each of these categories will be discussed in the following sections, which
also provide definitions for the terminology and contexts of use.
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Type Label Research
Domain
Key Features
Consultative
Civic science Science
communication
Public participation in decisions
about science
People’s science Political science Movements for people-centered
science
Functional
Citizen science Environmental
sciences
Public participation in scientific
research
Volunteer
monitoring
Natural resource
management
Long-term monitoring and
intervention
Collaborative
Participatory
action research
Behavioral science Community participation for
action
Action science Behavioral science Participatory, emphasizes tacit
theories-in-use
Community
science
Psychology Participatory community-
centered social science
Living labs New product
development
Public-private innovation
partnerships
Table 2.2: Names for different forms of public participation in scientific research.
Consultative Participation
Although the usage of terminology related to PPSR varies considerably, the term gener-
ally refers to a different set of phenomena than those grouped under the headings of Public
Engagement in Science (PES) and Public Understanding of Science (PUS). In PES, citizen
participation is typically policy-oriented and consultative, while PUS usually has connota-
tions of outreach and education, and is primarily studied by scholars of science communi-
cation. The defining characteristic of PPSR is that lay people participate in doing science.
In PES and PUS, they react to or engage in decision-making about science policy, or learn
about science and scientific outcomes without direct engagement in scientific work.
In particular, civic science, a term related to both PES and PUS, refers to civic efforts by
professional scientists to communicate with the public about science, as opposed to science
that is designed and carried out by the public (Irwin, 1995). Scientists who play the role
of civic scientists in science communication are distinguished from the lay public by formal
education and vocation (Clark & Illman, 2001). An excellent contemporary example of a
civic scientist is Neil deGrasse Tyson, an astrophysicist who has had substantial influence
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on public perceptions of science and has been named one of the ten most influential people
in science for his role in popularizing science (Kruglinski & Long, 2008). Civic science is
concerned with increasing public participation in science from a general standpoint and with
democratization of scientific knowledge production (Bäckstrand, 2003).
In an extension of the discussion on civic science, Irwin (2001) questions the policy-
oriented construction of public understanding of science, in which he refers to participants
as scientific citizens, whose involvement in scientific citizenship is limited to consultative and
informative aspects of a deliberative democracy model of participation focused on outreach
for science education and engagement in policy-oriented activities. In practice, public en-
gagement in policy has taken on a number of forms, such as public opinion surveys, consensus
conferences, and deliberative democracy initiatives. Inviting the public to direct scientific
research with the goal of addressing the interests of the people is a largely Western practice,
originating with policymakers and researchers. The same concept of engaging the public in
directing science to meet the people’s needs has taken a very different form in India, where
it has sparked social movements.
People’s Science Movements (PSM) are a form of scientifically-oriented social movements
that vary significantly from one group to another in the degree of public participation in
scientific work. In the 1970’s, PSM emerged as a public reaction to elitism of science in India.
The anti-elitism sentiment led to the emergence of organizations with widely varying scopes
and scales, ranging from local groups focused on research responding to particular local needs
to mass movements advocating “science for social revolution” (Vaidyanathan, Krishnaji,
& Kannan, 1979). Although most PSM were instigated and supported by organizational
entities, rather than emerging from the populace, they are unquestionably social movements
that seek to involve local citizens in scientific affairs to address their own problems.
As the movements developed, however, the terminology was clarified to specify that “peo-
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ple’s science” refers not to the science that the people have, but rather the goal of bringing
the scientist’s science to the people. Instead of a focus on science developed from traditional
and indigenous knowledge or local participation in the production of scientific knowledge,
it focuses on bringing scientific knowledge to the indigenous people and helping science and
technology researchers understand the problems of India’s impoverished people (Kumar,
1984).
Consultative participation in science, as represented by the concept of civic science, India’s
PSM, and other specific practices, typically constrains the public’s engagement to awareness
and policy-related purposes. The active participation of the public in contributing directly
to scientific research is a form of functional participation, which is described next.
Functional Participation
The goals of functional PPSR focus on engaging non-scientists in the scientific research
process to produce scientific outcomes. Like consultative participation, there is great variety
in the practical instantiations of functional participation and the use of terminology to
describe these practices.
Irwin (1995) defines citizen science as scientific research that is initiated and completed
by members of the public. At around the same time, the term was independently coined by
Rick Bonney at the Cornell Lab of Ornithology to describe a form of research collaboration
involving the public in scientific research to address real-world problems (Bhattacharjee,
2005; Bonney et al., 2009; Cohn, 2008). Bonney’s definition of the term citizen science
does not require that the research is initiated by members of the public. Unlike Irwin’s
definition, this interpretation has taken root in the larger practitioner community among
both researchers and volunteers through usage in practice, where citizen science has become
an important approach to addressing a genre of scientific research problems.
The typical citizen science model of PPSR “engages a dispersed network of volunteers
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to assist in professional research using methodologies that have been developed by or in
collaboration with professional researchers” (Cooper et al., 2007, p. 2), with the explicit
expectation that volunteers are involved primarily in data collection, and that the inquiry
addresses researchers’ questions rather than questions developed by the volunteers. A related
definition for citizen scientists defines the role of the public as “volunteers who participate
as field assistants in scientific studies” (Cohn, 2008). Notably, these projects are primarily
scientist-led, and this form of contributory citizen science is the focus of the current study.
The term volunteer monitoring is now essentially synonymous with citizen science, but
is historically best known in the applied domain of natural resource management, where it
has been practiced in North America for over a century (Firehock & West, 1995). In these
projects, lay persons are trained to make scientific observations for long-term monitoring,
typically of natural resources. Cooperation between volunteers and researchers is the practice
that links scientific collaboration with PPSR in Figure 2.1.
In large-scale volunteer monitoring projects, public participation is usually limited to data
collection activities structured by scientists, although in more localized contexts it can serve
as a basis for action (Firehock & West, 1995; Fernandez-Gimenez, Ballard, & Sturtevant,
2008). While most strongly associated with watershed research, volunteer monitoring is
a term that has been applied more broadly, e.g., to monitoring of invasive species, wildlife
population, and weather. Watershed monitoring projects are more likely than other volunteer
monitoring efforts to originate as grassroots efforts from citizens organizing scientific inquiry
to address a common problem (Danielsen, Burgess, & Balmford, 2005; Savan, Morgan, &
Gore, 2003).
These functional forms of PPSR, citizen science and volunteer monitoring, are seen in a
diverse range of projects with scientifically-oriented goals. Unlike consultative PPSR, the
public is functionally engaged in doing research, although usually for only one or two steps of
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the research process. When members of the public are engaged in most or all of the research
process, these practices are forms of collaborative PPSR, which will be discussed next.
Collaborative Participation
Collaborative participation is very different from consultative and functional models, as
the members of the public (more often referred to as community) are engaged in most or all of
the process of scientific inquiry. Collaborative participation positions the power relationship
between scientists and citizens according to a radically different model than is associated
with traditional science, and typically intends to promote empowerment and direct action.
Participatory action research, community science, and living labs are examples of public
participation in science that engages the participants as collaborators in the research process.
These collaborations typically have goals of social action and technology development. Most
collaborative approaches are variations of action research, a reflective and often iterative
process of problem-solving in which individuals (scientists) lead a community in research
focused on action-oriented outcomes.
Participatory action research (PAR) is a methodology representing a much broader cate-
gory of critical research. It differs from action research by involving members as subjects and
co-researchers (Argyris & Schon, 1989). The goal of PAR is understanding and improving
the world through change, and it is distinguished from other research approaches through
its focus on enabling social action, its careful attention to power relationships, and its dy-
namic approach with respect to involving the social group being researched as researchers
(Baum, MacDougall, & Smith, 2006). The application areas for PAR are broad, ranging
from human-computer interaction to public health, but this approach carries a number of
drawbacks for social research because it is difficult, in practical terms, to strictly adhere
to the basic tenet of fully collaborative research, in which the community under study is
engaged in every step of the research process (Walter, 1998).
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Community science is a distinct vein of action research in the field of psychology, which
seeks to develop a science of communities in which the communities are collaborators in
knowledge production, similar to PAR but with a specific emphasis on integration of research
and practice (Wandersman, 2003). The goal of community science is to develop knowledge
about human behavior in community contexts, to the benefit of the community members
(Tebes, 2005). Contextualization is a core value of community science research (Luke, 2005).
Yet another subtle variation on this category of research is known as action science, which
is a form of action research that emphasizes investigating and documenting the theories-
in-use that come from the participants (Argyris & Schon, 1989). Action science takes its
cues from practitioner perceptions in local practice-based contexts; the methodology tests
theories through interventions that attempt to both test hypotheses and create a desirable
change.
A relatively new form of PAR branches into research involving private sector entities in liv-
ing labs, which represent a type of situated experimental approach involving “users/consumers/
citizens” in innovation-driven partnerships to develop products and services, most frequently
information technologies (Eriksson, Niitamo, & Kulkki, 2005). Living labs research has seen
academic applications (e.g., Intille et al., 2005), but is primarily in use in Europe as a form
of research and development practice that typically focuses on ubiquitous computing, mobile
technologies, and collaborative work-support systems. Under ideal conditions, living labs re-
search involves academics, end users, communities, and companies in the creative process of
user-centered design and evaluation in product development through cooperative co-creation
and study of technology use in naturalistic settings (Almirall & Wareham, 2008). Private
sector involvement by business firms clearly differentiates living labs from other forms of
public participation in research, although like civic science, the living labs approach calls for
public involvement in funding, organizing, and governance (Niitamo et al., 2006).
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In summary, the definitions for practices related to citizen science invoke substantially
different concepts of participation, ranging from consultative to collaborative, and operate
in a wide variety of contexts. The primary feature by which these practices are typically
differentiated is the degree of involvement of the public in research processes. The way that
specific practices are characterized by researchers reflects more deeply upon their paradig-
matic perspectives, discussed in the following section.
Typologies of Citizen Science Participation
The labels and definitions from the prior section describe a wide range of social practices
that demonstrate the diverse roles of the public in scientific research. The discussion now
turns to three typologies from the ecological sciences that attempt to describe these practices,
focusing primarily on functional and collaborative modes of engagement.
The engagement of public participants is examined in greater detail by focusing on en-
gagement in different steps of scientific research. The level of detail in these analyses differs,
as do their final categorizations, but they are largely in alignment. Table 2.3 lists the dif-
ferent steps in scientific inquiry used in the definitions for three classes drawn from a recent
report from a comprehensive assessment of participation models in citizen science.
Besides evaluating the stages of scientific inquiry in which the public is involved, Cooper
et al. (2007) include additional details of geographic scope and research, education, and
management goals, which are contrasted in six models of scientific inquiry. The goal of the
typology is to present a framework for integrating individual property owners in monitoring
and active conservation efforts in residential areas. The research models represented by the
typology demonstrate the interplay of scientist and landowner roles in adaptive management
practices, which apply scientifically informed natural resource management strategies in an
iterative process of intervention, evaluation, and revision.
Distinguishing community science from citizen science (in yet another dual usage of termi-
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Define question X
Gather information X
Develop hypotheses X
Design study (X) X
Data collection X X X
Analyze samples X X
Analyze data (X) X X
Interpret data (X) X
Draw conclusions (X) X
Disseminate results (X) (X) X
Discuss results & ask new questions X
Table 2.3: Stages of the scientific inquiry process that define PPSR models. X = public included in step;
(X) = public sometimes included in step.
nology) based on the community control of the inquiry, Wilderman (2007) proposes an alter-
nate typology that includes community consulting, community-defined research, community
workers, and community-based participatory research. These categories are congruent with
those presented elsewhere with two exceptions. First, Wilderman (2007) differentiated be-
tween two forms of community workers models based on whether or not analysis activities
are exclusive to scientists. Second, this typology also included a category in which the com-
munity is engaged in a consultative capacity, represented as “science for the people,” much
like the consultative participation discussed earlier. The contrast of consultative practice
against “science by the people” casts the typical scientist-initiated citizen science project
development model in a negative light; an alternate perspective might suggest “science with
the people” as another potential model to consider. In addition, the analysis discussed dif-
ferences in efficiency, sustainability, and democracy of projects as distinguishing features of
these participation models.
Bonney et al. (2009) provide a comprehensive, educationally-focused technical report
that summarizes many of these views. The report discusses contributory, collaborative, and
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co-created PPSR projects, shown in Table 2.3, synthesizing prior typologies. The authors
examined case study projects with a rubric-based evaluation to make a multi-faceted assess-
ment of outcomes in several key areas of focus. The final framework resembles a simpler
variation on the models from Cooper et al. (2007) and Wilderman (2007), but includes more
detail with respect to the steps of scientific inquiry in which volunteers may be included,
moving the sophistication of the typology up a level despite its apparent simplicity. The role
of the public as collaborators in scientific research is clearly important to the practitioner
community, as it is the primary theme underlying each typology of citizen science practices.
The current study focuses on the contributory model of citizen science, as it dominates
current practice.
2.1.4 Citizen Science As Scientific Collaboration
The prior sections have presented a review of prior literature on scientific collaboration
and public participation in scientific research. The definition of citizen science used in
this study refers to these practices as a form of collaboration. The nature of collaboration
in citizen science is, however, notably different from that of traditional scientific research
conducted in small groups. It is, in fact, fairly comparable to scientific collaboratories
and cyberinfrastructure projects. Research on collaboratories had shown that in addition
to reshaping the traditional roles of collaborators in scientific research, “some domains of
activity are more naturally inclined toward collaboration (data collection vs. contemplation
and idea formation)” (Finholt, 2002, p. 95). In citizen science, carrying out the scientific
work of data collection or processing is the primary role of participants, which has led to
the question of whether this is truly collaborative science. The position taken in this study
is that contributory citizen science is indeed collaborative science, given changing notions of
what constitutes scientific collaboration.
The essential question is what specific parts of the scientific work a person must engage
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in to be considered a collaborator. To clarify a semantic point, all collaborators in scientific
research projects are participants in scientific collaboration. Therefore, the simplistic sep-
aration of roles into “organizers” and “participants” in citizen science can be reframed in
terms of “investigators” and “assistants” in conventional scientific collaboration. In tradi-
tional scientific collaboration, assistants are considered part of the collaborative structure,
although credit-giving mechanisms are widely available.
Projects that fit the criteria of collaborative or co-created projects, as discussed in the
prior section, are intuitively more comparable to traditional scientific collaboration than the
contributory projects that are the focus of this study. Based on typologies of citizen science,
the typical view is that when members of the public are involved in a wider range of the
steps of the research process, this makes participants collaborators rather than glorified sen-
sors. Indeed, this is the fundamental difference between the categories of public participation
in scientific research that are discussed as “functional participation” versus “collaborative
participation.” The classification hinges on the question of whether participants are con-
tributing in a functional role versus a more intellectual role characterized by participation
in a broader array of scientific tasks.
This is a slippery slope: in traditional laboratory research, for example, graduate students
often play a parallel role to that of citizen scientists in contributory projects, with little
influence on the intellectual agenda despite making a fundamental contribution to the actual
completion of the supporting work. The lab assistants in such a scenario may participate in
only one step of the scientific process, or several research assistants may carry out identical
tasks that require little or no individual judgment. The only substantive differences between
these assistants and most citizen science participants is the putative level of training and the
degree of variability in work tasks across individuals; even these differences may not be so
great in some situations.
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At the project level, however, a more meaningful difference lies in the organizational
complexity of the research collaboration. Citizen science typically demonstrates a simple
overall structure with a relatively flat hierarchy of roles that directly govern the types of
tasks individuals undertake and the interdependency of their work. Despite this simplic-
ity, citizen science projects are typically organized in a bureaucratic style with clear role
divisions based on assumed expertise (Chompalov et al., 2002), while cyberinfrastructure
projects follow a variety of organizing styles. Cyberinfrastructure projects typically exhibit
complex social structures that cannot be adequately described by traditional organizational
structures, distributed teams, or individual networks (Lee et al., 2006). In these instances,
the “human infrastructure of cyberinfrastructure achieves collective action not by making
my relationship to the whole visible but by making it invisible, indeed irrelevant. The human
infrastructure does not create a distributed team; it dissolves the very need for one” (Lee
et al., 2006, p. 491). Despite the relative difference in overall complexity of the scientific
work, citizen science shares these properties with cyberinfrastructure.
As large-scale scientific research requires an ever-increasing number of individuals, the
contributions of each individual take on similar properties to citizen science participants with
respect to the nature of the work as discrete and constrained to a single step in the research
process. Finholt (2002) notes that the increasing scale of scientific collaboration in terms
of the numbers of collaborators (as measured by authorship, which relies on progressively
less reliable assumptions about collaborative practices) is pushing scientific collaboration
further toward a model of “distributed intelligence”. In the distributed intelligence model of
scientific collaboration, exemplified by cyberinfrastructure projects, the nature of the work is
more like citizen science than the traditional conceptualization of scientific collaboration as
occurring in small groups. This suggests that studying citizen science may produce findings
with implications for scientific cyberinfrastructure projects.
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2.1.5 Literature Review Summary
The context of this study is grounded in literature on scientific collaboration, online
communities, and public participation in science. The review described several forms of
public participation in science and focused on typologies of participation in citizen science.
Many of these typologies focus on the form of collaboration between scientists and volunteers,
leading to a brief review of the research on distributed scientific collaboration. The literature
is dominated by studies of scientific collaboration between scientists, with little attention to
the increasingly well established practice of engaging members of the public in research.
Virtual modes of contribution make it possible for a broader audience to engage in scien-
tific work. An increasing number and variety of citizen science projects are taking advantage
of the affordances of information technologies to advance scientific research. The forms of
participation usually involve contributing data according to an established protocol or com-
pleting structured recognition, analysis, or problem-solving tasks that depend on human
competencies. With thoughtful study design, contributory styles of functional participation
can generate reliable, valid scientific outcomes.
Citizen science represents a type of distributed scientific collaboration. The stages of
scientific collaboration in research suggest that such a project will build upon the broader
environmental conditions during the foundation stage to provide the necessary ingredients
for the formulation stage, in which a new scientific collaboration is planned and started. In
most citizen science projects, these stages are the domain of professional researchers and
the volunteers enter the collaboration in the sustainment stage, during which the project’s
work is carried out over time. In the conclusion stage, during which dissemination and
evaluation of success occur, a broader notion of success may be appropriate in citizen science.
Until only recently, the majority of research on scientific collaboration focuses on projects
in which all contributors to the collaboration are scientists or supporting professionals. In
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the Science of Collaboratories project, however, two types of collaboratories describe the
majority of technology-enabled citizen science, differentiated by whether they are structured
around open contributions consisting of data or of analysis. With the growth of scientific
collaboration, emerging scientific cyberinfrastructure projects represent a phenomenon that
bears stronger similarity to citizen science than the collaboratories discussed in the literature
to date.
Citizen science is clearly a different way of organizing online contribution than has been
analyzed in the literature. Unlike most online communities that have been studied, these
projects are not self-organizing. They do not generally represent peer production in the same
sense as other knowledge production networks because they are nearly always hierarchically
structured, with scientists designing the work that volunteers then contribute. The structure
of tasks is similar, however, and existing literature on the task structure in peer production
can inform practice for citizen science. The nature of community is varied across contexts,
but the hierarchical aspects of citizen science projects would tend to create a different sense
of community with respect to authority, leadership, and decision-making. On the other
hand, the typical core-periphery structure of many online communities is not dissimilar from
a structural standpoint. Finally, there are strong similarities with respect to issues of moti-
vation and progressive engagement that bear a striking resemblance to virtual communities
or networks of practice, albeit with scientists as overseers of the community’s practices. This
suggests that the models of motivation and participation from studies of online communities
of practice may provide insight into the design of tasks and technologies to support citizen
science communities. The discussion now turns to description of a conceptual framework
that provided initial focus for this research within the context just outlined.
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2.2 Conceptual Framework
This section describes a conceptual framework that integrates the literature reviewed in
the previous section with findings from an empirical pilot study to guide the design of the
main study (Wiggins, 2010; Wiggins & Crowston, 2010). The pilot study examined the
evolution of a new citizen science project that was developed by a regional partnership to
study phenology, the natural life cycles of organisms, and provided empirical context for
the initial conceptual framework. As is discussed later in Chapter III, the framework was
applied theoretical sampling and guiding the initial stages of data analysis, and generated the
resulting theoretical framework presented in Chapter VII through iterative cycles of revision.
This framework conceives of citizen science projects as a kind of small group, specifically,
a work team. Guzzo and Dickson (1996) defined a work team as “made up of individuals
who see themselves and who are seen by others as a social entity, who are interdependent
because of the tasks they perform as members of a group, who are embedded in one or
more larger social system (e.g., community, or organization) and who perform tasks that
affect others (such as customers or coworkers)” (Guzzo & Dickson, 1996, p.308). A team
differs from a community of practice because members have a shared output whereas in
communities of practice (e.g., the copier repairmen studied by Orr (1996)), members share
common practices, but are individually responsible for their own tasks (Wenger, 1999). In
communities of practice, members also share specialized vocabulary, contextualized learning,
and sociocultural ways of understanding that originate in community practices. Notably,
while taking part in a community of practice is typically represented as tasks carried out
independently, tasks may also be shared and interdependent, involving multiple community
members (Hutchins, 1995).
Members of a citizen science project are likely to share goals and social identity, and per-
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form interdependent tasks. Although these tasks are typically designed to reduce reciprocal
and sequential interdependencies to reduce coordination costs, conjunctive interdependencies
remain, so collective outcomes are strongly affected by pooled interdependence (Thompson,
Zald, & Scott, 2003). Even though individual tasks seem independent, the final product is
the pooled contributions, and value of each individual contribution is dependent upon the
totality of contributions to the pool. This differs from prior literature in organizational set-
tings in that citizen science project members may vary greatly in their degree of identification
with and contribution to the project, so these factors should not be taken for granted.
The initial conceptual framework represents an early stage of theory development, and
will be revised with the addition of empirical evidence that supports or disconfirms the
model. Standard organizational forms can be overly simplistic or otherwise inadequate as
a basis for understanding organizing in citizen science. Taking this perspective strengthens
the framework by better accommodating the wide variety of ways that projects organize
their activities. The project level of group interaction is distinct from those of small work
groups and organizations (Grudin, 1994), which has implications for the types of informa-
tion technologies employed to support group activities. Adopting the project rather than
the organization as the unit of analysis does not impose assumptions about organizational
arrangements. Project teams and communities of practice can be distinguished by their goal
orientation among other features (Wenger, 1999).
The framework draws on work in the small group literature, (e.g., Hackman & Morris,
1978; Marks, Mathieu, & Zaccaro, 2001; McGrath & Hollingshead, 1994), incorporating con-
cepts and relationships from the literature on organizational design, job design, volunteerism
and participation in virtual communities, at both individual (i.e., volunteer, staff member)
and project levels. The perspective taken in this study is substantially different from prior
work on citizen science models, which focused primarily on participation structures with
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little regard to organizing or processes. Therefore, the initial framework was not strongly
influenced the prior literature on public participation in scientific research at a conceptual
level, although some of the contextual aspects of the domain were incorporated through
literature on volunteerism in particular.
Synthesizing elements from organizational design, sociology and studies of nonprofit man-
agement with small group theory strengthens the understanding of the antecedents of sci-
entific knowledge production through massive virtual collaboration. Given the potential of
citizen science to operate similarly to other forms of massive virtual collaboration such as
open source software development, the framework was adapted from a model developed from
a review of empirical literature on open source software development to extend an earlier
input-process-output (IPO) framework (Crowston et al., 2005).
The conceptual framework is organized as an input-mediator-output-input (IMOI) model
(Ilgen et al., 2005). An IMOI framework was chosen because it provides a general structure
for developing a model of socially-embedded groups over time, and improves on the prior
IPO models of work groups by including feedback loops and separating the moderators of
emergent states from processes. In this framework, inputs are the starting conditions of a
team, which includes member characteristics and project/task characteristics (Hackman &
Kaplan, 1974). Mediators represent factors that affect the influence of inputs on outputs and
are further divided into two categories: processes and emergent states. Processes represent
dynamic interactions among members as they work on their projects, leading to the outputs.
Emergent states are concepts that characterize dynamic group properties, which vary based
upon context; they describe the group’s cognitive, motivational and affective states, rather
than activities and processes. Outputs are the task and non-task consequences of the sys-
tem functioning; although there are conceptual differences between the terms “output” and
“outcome”, these terms are used here interchangeably. The feedback loop from outputs to
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inputs treats outputs as inputs to ongoing processes and emergent states; as a result, not
all processes or inputs may be active at any given time, depending on the state of system
functioning.
The concepts in this framework simultaneously represent the system at both individual
and project levels. The model was also customized to include contextual factors that were
expected to have the most salience to this particular phenomenon, citizen science, while
retaining some level of comparability to other IMOI models. The following sections present
a general overview of the inputs, moderators, and outputs that served as the initial focus for
this research.
2.2.1 Inputs
Inputs are the starting conditions of a project, including both individual-level character-
istics and project-level characteristics. At the individual level, staff and volunteers come to
the project with diverse demographics, levels of skill, and motivations for participation that
affect their individual contributions to the project. While demographics and skills will vary
among volunteers involved in different projects, both practical reports and academic theory
suggest a number of common motivators for volunteerism, which may have differential effects
on individual experiences and performance (Lawrence, 2006; Pearce, 1993; Cnaan & Cascio,
1999).
Four concepts (purpose, environment, resources, and technologies) combine empirical ob-
servations from the pilot study with the original expectations that people, technologies, and
project design decisions are important factors influencing the emergence and ongoing op-
eration of a citizen science project. The purpose for a project is also highlighted as a key
factor, influencing organizing and research processes as well as individual incentives for par-
ticipation. The concept of purpose also relates to the goal orientation of contributors and
members of communities of practice.Environment acknowledges the importance of the physi-
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cal and virtual spaces in which participation occurs. Likewise, resources are included because
a variety of material and social assets are required for a successful project. Resources are
considered an individual-level input, because theorizing resource and information flows that
are not tied to individuals can lead to inappropriate assumptions about the organizational
structure of the project. As organizational theorists have observed, “organizations do not
have mechanisms separate from individuals to set goals, process information or perceive the
environment. People do these things” (Daft & Weick, 1984, p.285).
A design perspective that focuses on the way decisions are made in project planning and
operation is implicit in the model as a dimension of the concepts of purpose, community,
environment, and technologies that form a foundation for participation in citizen science.
Technologies are inclusive of the broader set of processes, tools, and infrastructure support-
ing citizen science projects. Design and use of technologies are of particular interest given
the potential of cyberinfrastructure to support numerous aspects of citizen science. Best
practice guides recommend that project partnerships include a scientist and an educator
to address the scientific and educational goals of the project, and a technologist to address
potentially substantial data management and information systems challenges (Bonney &
LaBranche, 2004; Chin & Lansing, 2004). When considering how project design and task
design interact with cyberinfrastructure in the context of scientific collaboratories, the entire
research process must be examined. For example, concerns for the usability of data report-
ing forms (and subsequent usefulness of the data) has prompted some emphasis on usable
technologies and interfaces for volunteers. Understanding the range of interactions between
such diverse end users and technologies that support the participation and scientific research
processes is important to creating usable, robust cyberinfrastructure systems for collecting
useful independent contributions by distributed volunteers (Luther et al., 2009).
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2.2.2 Processes
In an IMOI model, the inputs are conceptualized as influencing the effectiveness of projects
through two sets of moderators, processes and emergent states. Processes are the dynamic in-
teractions among group members leading to outputs. In this context, volunteer involvement
can vary widely, from primary school students engaging in structured classroom projects
to geographically-distributed individuals monitoring wildlife populations over time. Un-
derstanding these work practices is the first key to designing technological and social ar-
rangements that support knowledge production in virtual organizations of citizen scientists.
Notably, project-level processes are accomplished through individual-level processes such as
participation and organizing.
At the project level, the processes of interest include those of scientific research itself. The
nature of the research and discipline has an important influence on the kinds of data and
analysis required and the mapping of tasks to different actors, e.g., volunteers and profes-
sional staff. Similarly, data management processes could have a significant impact on project
outcomes, particularly in interorganizational projects that must ensure interoperability and
reliability of data created by volunteers.
Communication within a project is reflected in different forms of participation and orga-
nizing. Participation encompasses the range of activities contributing to citizen science, in-
cluding task-based, social, and meta-contributions made by individuals whose work supports
the efforts of other contributors. An interesting aspect of this context is the applicability of
volunteer management processes often associated with nonprofit management, e.g., recruit-
ment, selection, orientation, training, supervision, evaluation, recognition, and retention of
volunteers (Pearce, 1993). Organizing processes establish the design and management of a
project at the initiation stage and then continue to reshape interactions on an ongoing basis.
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2.2.3 Emergent States
Emergent states are dynamic properties of the group that vary as a function of inputs
and processes; past research suggests a number of potentially relevant emergent states. The
category of “emergent states” is relabeled as simply “states” in later discussion, as they
can only be emergent at an initial stage but the IMOI model emphasizes an ongoing system.
These include task-related factors that describe the state of the group in terms of its progress
on the scientific task, as well as social factors that describe social states of the group that
enable that work (Lee et al., 2006). At the level of the project, research on other kinds of
virtual organizations has identified the importance of factors such as trust, cohesion, conflict
and morale that affect the sense of group community, and thus its long-term sustainability
(Markus et al., 2000).
At the individual level, the evolution of volunteers through different roles in the group,
from initial volunteer through sustained contributor, and potentially to more central roles,
is relevant to project design. A related concern is volunteers’ level of commitment to the
project and how it influences their task performance (Cnaan & Cascio, 1999). Understanding
how these factors affect the social and technological barriers and enablers for participation
is important for effective cyberinfrastructure and project designs.
Collective identity is a concept employed in a variety of literatures, including social move-
ments theory and learning theory (e.g., Lave & Wenger, 1991; Wenger, 1999; Gotham, 1999).
It refers to a state of common identification within a group, an aspect of community mem-
bership which is recognized and shaped by both members and non-members (Daft & Weick,
1984). The development of a collective identity at the project level is expected to be an
important factor in relation to individual commitment, roles, and motivations. Collective
identity may also have an impact on the scientific outcomes of a project as well as non-task
outcomes like project sustainability.
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2.2.4 Outputs
Outputs represent task and non-task consequences of a functioning group, signaling effec-
tiveness. At the individual level, the task outputs are contributions, often raw or processed
data, although other types of contributions are possible. In addition to the individual-level
outputs, a citizen science virtual organization will have outputs at the project level, such as
the scientific knowledge created from the data. Innovative findings, processes, and tools can
also emerge from involving the public in scientific research. For example, a new astronom-
ical body, called Hanny’s Voorwerp, was discovered by a Dutch elementary school teacher
volunteering with the GalaxyZoo project (Cho & Clery, 2009).
Hackman (1987) also includes non-task outputs in the model of group effectiveness. Satis-
faction of individual participants’ needs, such as individual learning and personal satisfaction,
are measures of effectiveness closely related to the educational goals of many citizen science
projects. Hackman also includes the group’s continued ability to work together, speaking to
the sustainability of project goals and social structure. In other words, virtual organizations
and citizen science projects are not effective if they achieve a goal but drive away participants
in the process.
An important feature of an IMOI model is that outputs themselves become future inputs
to the dynamic processes. Positive personal outcomes can lead to increased motivation for
future participation, and individual learning can increase a member’s ability to contribute.
At the project level, learning may lead to innovation in research approaches, resulting in
changes to the task design and group processes. Positive project outputs may lead to in-
creased interest among scientists in engaging the public in research and increased visibility
for the project, helping to recruit and retain additional volunteers. At the societal level,
the success of a project may affect public participation in and perception of science, create
informal learning opportunities, and enable knowledge production at an unprecedented pace
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RQ concept Framework Dimension
Virtuality
Input: Spatial
Environment Temporal
Physical
Technologies
Input: Task support
Technologies Social support
Organizing
Processes: Project development
Organizing, Research design
Research Coordination
Participation
Processes: Idealized
Participation Task
Social
Scientific Outcomes
Outputs: Research products
Knowledge, Discovery
Innovation New/revised approaches
Table 2.4: Research question concepts and related theoretical concepts.
and scale (Trumbull et al., 2000; Cohn, 2008).
2.2.5 Research Questions Revisited
Returning to the research questions posed in Chapter I, which focus on the influence of
virtuality and technologies on organizing, participation, and scientific outcomes of citizen
science projects, some additional directions for research are suggested by bringing these the-
oretical elements together. Table 2.4 connects the conceptual framework with more specific
dimensions of the concepts from the research questions, as previously discussed in Chapter I.
According to the categorization from Shaw and Jarvenpaa (1997), these concepts represent
a mix of events and variables that may be more or less predictable in the specifics, but are
unpredictable overall.
The specific dimensions of the concepts presented in Table 2.4 provided additional focus
for the study. Suggesting links between abstract theoretical concepts and operational di-
mensions to help direct inquiry, these concepts indicated potential sources of evidence for
addressing the research questions.
A more specific example demonstrates the way that Table 2.4 can be translated into data
collection and analysis: participation is associated with idealized, task, and social processes.
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These aspects of participation provide a starting point for further study of the link between
participation and scientific outcomes. For example, instructions for participation (protocols)
can be evaluated to identify idealized participation processes and triangulated with interview
reports from project leaders. Participant observation can be combined with interviews to
better understand both task-oriented and social participation processes. Analysis can begin
by identifying and describing these processes in order to compare idealized and actual partic-
ipation, searching for points of divergence in the ways people with different roles understand
project participation and evidence of the influence of these processes on scientific outcomes.
The conceptual framework was used to advance the study of organizing and participation
in citizen science by employing the concepts highlighted in this section as an initial source of
focus at the beginning of the study. Throughout the process of data collection and analysis,
this conceptual framework was used to continue testing and evaluating the theory against
empirical findings and plan next steps in the research. The comparative case study discus-
sion in Chapter VIII will present a revised version of this framework that more accurately
describes the way that projects unfold in practice.
2.2.6 Conceptual Framework Summary
The framework discussed in this section represents an initial conceptualization of citizen
science as a virtual organization. The framework was built from a foundation in small groups
theory and elaborated with additional literature from a variety of fields, as well as empirical
data from a pilot study. The incorporation of contextually-specific concepts and processes
related to the phenomenon, such as project-level processes of scientific research and organiz-
ing, are linked to individual-level participation in citizen science by relationships suggested
by the literature. While many of the individual concepts discussed in this chapter may be
more broadly generalizable to other forms of open collaboration, a few elements focus on the
science-oriented nature of the phenomenon, incorporating important aspects of the context
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without prescribing a particular type or form of citizen science. The outcomes speak to
the goals typically associated with contributory citizen science, and the mediating processes
and emergent states link the inputs and outputs that lead to the successful achievement of
outcomes.
Subsequent chapters describe how this conceptual framework was applied to guide data
collection and analysis. The resulting framework developed in this study represents the
primary contribution of the research to both theory and practice, as it is empirically grounded
and more specific and comprehensive than prior related models. The current study led to
iterative revisions to this framework to develop a theoretical model (discussed in Chapter
VIII) that can guide deductive research on citizen science and may have value for application
to other contexts of virtual participation.
2.3 Summary
This chapter discussed the literature supporting this study from both contextual and
conceptual perspectives. Reviewing the research on scientific collaboration and online com-
munities highlighted ways in which citizen science projects fit into the intersection of these
areas of study. Examining the variety of practices that relate to citizen science more broadly
provided background to contextualize the conceptual framework. In particular, reviewing
the literature related to public participation in scientific research highlighted the diversity
of historic and existing practices. It also provided a foundation for the focus of the current
study on the contributory model of citizen science in which participants contribute to a
science-led project.
Conceptualizing citizen science projects as a type of work group while incorporating con-
cepts from the organizational literature indicated that a project-level focus was a valuable
distinction from other levels of aggregation by which the phenomenon could be examined.
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Building a conceptual framework from the general inputs-moderators-outputs model began
with an existing model for a phenomenon with some similar qualities. The framework was
then elaborated and refined by integrating concepts from the literature relevant to citizen
science and initial refinements based on a pilot study for the current work. The research
methods that were guided by the initial conceptual framework are the focus of the next
chapter.
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CHAPTER III
Methods
This chapter discusses the methodology for the study, first presenting the research design,
followed by case selection criteria and a summary of data collection and analysis procedures.
The chapter concludes with a discussion of strategies used to ensure research quality.
3.1 Research Design
Technology-supported citizen science is a complex sociotechnical phenomenon. While
there are some existing typologies of citizen science projects (e.g., Bonney et al., 2009;
Wilderman, 2007; Cooper et al., 2007), there has been little social research conducted to
explain how science works when the public is a key participant, much less when the work is
ICT-mediated. The goal of the current study is to describe the phenomenon of citizen science,
refine the conceptual framework, and develop empirically-grounded theory to describe the
conditions, processes, and products of citizen science projects.
The focus of this research is the project organizers, rather than project participants. As
a result, data collection focused primarily on gathering information about the management
of these projects, and interviews focused only on project organizers and related staff. There
were several reasons for the choice to focus on organizers.
Most prior empirical studies of citizen science focus on participants to the exclusion of
organizers. In many ways, the participants are an obvious focus for researchers interested
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in individual-level theories. For this reason, many avenues for theoretical development with
respect to citizen science have already been explored in other contexts. Additionally, many
citizen science projects also conduct their own internal evaluations by eliciting feedback
from participants, so pursuing a participant-focused direction would not necessarily lead to
substantive new insights.
Drawing attention instead to the way that projects are created and managed can comple-
ment the prior work and provide a different perspective on the phenomenon. An important
goal for this study is to support further research into the phenomenon, and on a practical
level, to produce findings that can support improvements to project practices. Therefore,
the focus of the study is on the complex project-level systems that enable and contextual-
ize individual participation. While the decision to focus on organizer perspectives sacrifices
some breadth, it permits greater depth with respect to the comparisons that can be drawn.
The research questions focus on the influences of virtuality and technologies on organizing
and participation processes, and the resulting impacts on scientific outcomes. Investigating
these questions required a research design for comparison across citizen science projects
according to theoretical sampling criteria. A comparative case study design was chosen, with
cases selected to reflect a combination of characteristics related to virtuality and technologies.
Case study strategies are common in applied fields such as information systems; as a re-
search strategy, case studies focus on contextualized social activity and can involve multiple
cases and levels of analysis (Yin, 1984). Case studies are generally considered most appropri-
ate in the early stages of research on a topic, or to provide a novel perspective on an existing
topic (Eisenhardt, 1989). The current study represents both, as research on citizen science
as a phenomenon is currently at an early stage, and also takes a different perspective on the
intersection of the existing topics of public participation in research, scientific collaboration,
and online communities.
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The initial theoretical framework for this comparative case study was developed in Chap-
ter II. Concepts from inputs, states, processes, and outputs in the framework provided the
primary concepts for data collection and analysis. Describing virtuality and technologies
required collecting data on the current state of each project with respect to social and tech-
nological contexts. It was expected that these combined elements would influence organizing
and participation processes. In turn, the processes’ outputs and the processes themselves
were expected to have an effect on the outputs of the project, particularly scientific knowledge
and innovation.
Cases in comparative studies are selected to fill theoretical categories using replication
logic, or to extend theory development with extreme cases. The case selection strategy for
the study will be discussed in more detail later. Case studies collect multiple sources of data
as evidence for triangulation of findings in a relatively flexible research process in which data
collection and analysis occur concurrently (Perecman & Curran, 2006). These data are used
to connect the research questions to the findings through a variety of analysis techniques,
including within-case analysis and cross-case analysis. In the current study, several types of
data to evaluate and further develop the initial conceptual framework were collected through
field research methods, including interviews, participant observation, archival records, doc-
umentation, and artifacts. Data collection and analysis proceeded simultaneously, leading
to written case descriptions representing within-case analysis and then to comparisons for
cross-case analysis.
The knowledge gained from data collection and early stages of analysis for the first two
cases shaped the theoretical sampling criteria for selecting the third case, and the iterative
process served to further focus analysis as interesting themes emerged from the data. For ex-
ample, both eBird and the Great Sunflower Project were reliant on information technologies
from the start, making them fundamentally technology-enabled; one of the reasons to select
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Mountain Watch as a complement was that it did not rely on information and communica-
tion technologies, which were later developed to extend the reach of the project. Emergent
themes were integrated into the theoretical framework, and each case was re-examined after
each such change. This iterative and concurrent process of data collection, analysis, and
revision to the theoretical framework followed inductive analysis processes, combined with
deductive analysis focused on refining the initial conceptual framework.
In summary, this research applied a comparative case study strategy to examine an emer-
gent and non-deterministic phenomenon, using theoretical replication to compare the impacts
of virtuality and technologies on citizen science project processes and outputs. Iterative data
collection, analysis, and theory development stages of research were conducted simultane-
ously. Case selection criteria and brief descriptions of case study sites are the subject of the
next section.
3.2 Case Selection
Careful selection according to theoretical sampling criteria is critical to addressing the
research questions in a comparative case study. Typically each case will represent a different
variation on the sampling criteria. The diversity of citizen science projects across each of
the potential dimensions for sampling suggests that commonalities identified in such diverse
settings are likely to be particularly interesting and useful for understanding the shared
challenges and emergent solutions in the domain of citizen science organizing practices.
The case selection for the study focused on projects that are organized around primarily
scientific goals and involve participants in collecting observational data about the natural
world. The majority of citizen science projects follow this general model. Choosing projects
in this (broad) category means that findings have greater potential to be applicable to the
widest possible range of citizen science projects. The sampling strategy attempted to be
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as representative as possible while making no claims as to the degree of applicability to
the larger population of citizen science projects, as theoretical sampling is not equivalent
to statistical sampling. Because these projects focus on data collection through observation
the fundamental participation tasks are similar, which supports meaningful comparisons.
Theoretical sampling criteria, discussed next, were based on the conceptual framework, which
provided additional guidance for case selection.
3.2.1 Theoretical Sampling
Theoretical sampling with replication logic means strategically choosing cases that provide
theoretically-based contrasts. The project-level inputs from the initial conceptual frame-
work (purpose, community, environment, technologies) provided useful and straightforward
criteria for case selection. Importantly, project-level inputs are among the most readily
identifiable and distinguishable characteristics of citizen science projects, and are sufficiently
transparent and accessible enough to enable an informed selection without extensive prior
engagement with the project. For example, the community that forms the target audience
for a citizen science project is often readily identified by the focus of the participation ac-
tivities and research domain, e.g., a project focused on collecting data about birds would
have natural appeal to birders and birdwatchers. The goal for case selection therefore was to
identify several cases with suitable variation in their purpose, community, environment, and
technologies that could adequately span the breadth of the larger domain of citizen science
practice in each of these categories.
Purpose Two primary dimensions of purpose were considered for sampling: these were 1)
the scientific interests and goals that comprise the “science” focus of citizen science, and 2)
the mission of the project with respect to broader goals. In organizational and institutional
contexts, mission is congruent with the guiding principles that both help describe the purpose
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of the organization, institution, or project. Mission also provides a tool for decision-making
with respect to organizing. The missions of most citizen science projects and the larger
institutions with which they are often associated are frequently within the same subset of
broader goals, particularly for observation-based citizen science, so broad variability on this
dimension of the concept of purpose was less important for sampling. If anything, a common
focus on research, education, and conservation would make the cases more representative of
the majority of the citizen science project population.
Instead, variation along the dimension of scientific interests is more important: the
projects selected for comparison should be in different scientific domains, with different
research goals. Therefore, not all of the projects could be in ornithology, because birders are
different from other citizen science participants. Likewise, not all of the projects should fo-
cus on questions of species abundance and distribution, for example, because their activities
might be too similar for useful comparison; rather, they should represent different types of
research questions.
Community As interpreted in the theoretical framework and applied to sampling, commu-
nity means that the cases need to draw on different communities of contributors. In citizen
science, community is typically congruent with scientific domain variability. The intuitive
expectation is that people who self-select for participation in citizen science projects focus-
ing on birds come from a community of birdwatchers and birders, and those who help with
trailside invasive species monitoring are typically members of a hiking community. Although
there are frequently members of other communities and sub-communities that citizen science
projects may engage as participants, community as used in this sense refers to a community
of practice—experienced hikers, for example, have common practices such as following the
Leave No Trace principles of outdoor ethics to minimize environmental impact, and share
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numerous strategies to reduce pack weight and eat well on the trail.
Environment The concept of environment was broadly defined in the theoretical frame-
work. For the purposes of sampling, environment refers to organizational contexts and/or
the broader organizational field in which a project is situated. Therefore, ideal projects for a
cross-case analysis would have varied forms of organizational and institutional support and
constraints, because these factors affect project resources and purpose. Such variability may
appear in the nature of the institutional arrangements. For example, a project may be the
product of a single nonprofit organization or a network of organizations.
Another form of variation for the organizational context of sociocultural environment
has to do with the types of institutions involved. Citizen science projects are most fre-
quently operated by academic researchers and public-sector groups, namely nonprofits and
governmental agencies such as the U.S. Department of Agriculture, National Park Service,
or individual states’ departments of environmental conservation or protection. In terms of
optimizing data collection for breadth, a combination of these forms of environmental vari-
ability is preferable to single-dimension variability. Examining projects operated only by
governmental agencies with different institutional arrangements, or projects organized by
an individual organization across nonprofit, academic, and governmental contexts, would be
valuable but less representative of the broader population of projects.
An additional point of comparison related to the project’s operating environment is the
resources that can be brought to the project. These include staffing and fiscal resources;
larger staff and budgets are related to several other project characteristics, although causality
is not entirely clear. However, findings from Wiggins and Crowston (2012) suggested that
more staffing may mean more participants can be supported, higher annual budgets may
yield more sophisticated technologies and more extensive outreach, and in combination,
79
greater resources are likely to lead to higher volumes of data outputs and scientific outcomes.
The degree to which these generalizations may be true is expected to be dependent on
many factors, such as the project goals, complexity of participation processes, and the way
contributions are measured, which are often incommensurate across projects.
Technologies The technologies in use for each project are a point of contrast that is
directly related to the research questions. There are numerous facets of technologies that
could be employed as a basis for theoretical sampling. One point of contrast relates to the
technologies used for making, managing, and reporting field observations, as these are the
common core tasks across the target population of citizen science projects. For example,
paper-based record making in the field is very common in observational citizen science. The
nature of these uses of paper, however, can differ substantially, from a protocol-based data
sheet to multiple types of species lists which may follow established community conventions
(see Figure 3.1a) or may be generated according to individual field observation habits (see
Figure 3.1b.) The ways that these material technologies are implemented to support project
participation were an important dimension for sampling.
The nature of information and technologies that support participation is another aspect of
the sampling criterion. The specific qualities of ICT can be difficult to meaningfully evaluate
at an adequately general level as to be of use in analysis. The heuristics used to stream-
line this distinction were the overall degree of information technology sophistication, which
was evaluated according to the fundamental type of web-based technologies (e.g., devoted
purpose-built platforms, content management systems alone, or standard websites with data
submission forms) and the availability and breadth of means for data access by participants.
While it is a substantial simplification of the complex variability of information technologies
that can be used to support public participation, these interrelated characteristics have been
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(a) Location-specific standardized forms.
(b) Individual system of note-taking.
Figure 3.1: Variations on paper-based birding checklists.
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observed in prior interactions with citizen science projects as a key feature that seems to
make a substantial impact on participation and organizing processes, which are the focus of
the research questions. The cases selected according to these sampling criteria are described
next.
3.2.2 Selected Cases
The cases selected by the theoretical sampling strategy discussed in the prior section are
briefly introduced here: Mountain Watch, the Great Sunflower Project, and eBird. These
case studies maximize the depth of the research based on intensive data collection for one
project and complementary but less intensive data collection for two others. For a number
of reasons, there was simply more data available for eBird, for which a substantial volume
and variety of data were collected. Therefore, this case formed the initial basis for schema
development during later analysis. The Great Sunflower Project and Mountain Watch com-
plemented eBird (and one another) by offering theoretical and experiential counterpoints.
Criterion Mountain
Watch
Great
Sunflower
eBird
Purpose
Mission Conservation,
education,
recreation
Research,
education
Research,
education,
conservation
Scientific
Interests
Climate change
effects on alpine
habitats
Plant-bee
relationships
Bird abundance &
distribution
Intended
Community
Hikers Gardeners Birders
Environment
Institutions Single nonprofit Academic Nonprofit
partnership
Resources 1.5 FTEs, $15K 0.5 FTE, $13K 4.5 FTEs, $300K
Technologies
Paper Structured data
sheet
Structured data
sheet
Variable, optional
Digital Organization web-
site section
Open source CMS Purpose-built
software system
Data access Limited Very limited Extensive
Table 3.1: Application of theoretical sampling criteria to selected cases.
As the conceptually-focused comparisons between the cases are the substance of the fol-
lowing chapters, the contrasts used to guide sampling are summarized in Table 3.1. In the
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table, mission represents explicit organizational mission or goals expressed as project mis-
sion. Resources are summarized in full-time employee equivalents (FTEs) and approximate
annual operating budget. The remainder of this section provides a brief overview of the
cases.
Mountain Watch
Mountain Watch is a two-part citizen science project designed and operated by the Re-
search department of the Appalachian Mountain Club (AMC), a membership-based trail
club whose mission is to support conservation, education, and recreation in the northeastern
mountain ranges of the Appalachian ridge. Mountain Watch enlists hikers in evaluating air
quality through visibility measurement and in collecting observations of flowering plants for
climate change research. The project is geospatially constrained, collecting data primarily in
the White Mountains of New Hampshire, the largest alpine region in the Northeast U.S and
home of the AMC’s main visitor centers, administrative offices, and backcountry facilities
(the “High Huts”), which are operated under a special use permit from the U.S. Forest Ser-
vice. The flowering plant project, now the primary focus for participation, gathers long-term
data to monitor the effects of climate change on fragile alpine ecosystems by examining the
timing of plant life cycle stages (phenology), such as flowering and fruiting (phenophases).
Although hikers can report data online for any location in the broader northeastern U.S.
region where the target plants are found, the project’s primary participation comes from hut
guests.
Starting at an AMC facility, hikers pick up a packet with an instruction and identifica-
tion guide, data sheet customized to location, and pencil in a plastic zip bag. Hikers locate
monitoring plots using provided maps and text descriptions, and indicate which species are
present and whether they are in any of the indicated phenophases (e.g., “before flowering,”
“flowering,” “after flowering”). The completed data sheets are then dropped off in collec-
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tion boxes at any of the eight huts or the visitor centers at Pinkham Notch and Crawford
Notch. Mountain Watch is a mature project that has methodically fine-tuned its participa-
tion protocol over a period of several years to produce increasingly scientifically useful data.
Mountain Watch slowly transitioned from analog to digital support for data collection, and
has fully incorporated the project into the daily operations of its backcountry facilities.
The Great Sunflower Project
As previously described in Section 1.1.2, the Great Sunflower Project (GSP) focuses
on pollinator service, that is, bee pollination activity. Participation in the GSP is mostly
performed by independent volunteers, although it can be done in small groups. Volunteers
plant Lemon Queen sunflowers (other flowering plants have been added through program
expansion) and can optionally track the plant’s growth progress by reporting phenology
observations while they wait for their sunflowers to grow.
Once the sunflowers bloom, participants choose a flower that is in the appropriate stage
of development to attract bees, and describe the observation conditions. Next, they observe
the selected bloom for fifteen minutes, recording the times at which bees visit, and attempt
to identify (and optionally photograph) the visiting bees. The majority of data are then
entered by the volunteers into an online database, although some participants submit paper
observation forms by postal mail. The primary focus of the project is collecting data for
scientific research on pollinator service at a national scale, as it is an important indicator
of local ecological health. To date the project has been very successful in attracting vol-
unteers, although the scientific outcomes are not as yet evident due to revisions to data
collection procedures. The Great Sunflower Project represents a young, underfunded, and
technologically disadvantaged citizen science project that has shown remarkable potential
and resilience despite substantial challenges.
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eBird
eBird is a popular citizen science project developed by the Cornell Lab of Ornithology
(Sullivan et al., 2009), a leading organization in the development of citizen science practice.
eBird allows birders to keep birding observation records online:
“A real-time, online checklist program, eBird has revolutionized the way that the
birding community reports and accesses information about birds. Launched in 2002
by the Cornell Lab of Ornithology and National Audubon Society, eBird provides
rich data sources for basic information on bird abundance and distribution at a
variety of spatial and temporal scales.
eBird’s goal is to maximize the utility and accessibility of the vast numbers of bird
observations made each year by recreational and professional bird watchers. It
is amassing one of the largest and fastest growing biodiversity data resources in
existence.”1
eBird contributors can submit basic data by completing online checklists of birds seen and
heard while birding. The system also provides tools suited to supporting independent inquiry.
Users can query and visualize their own data and that of others, exploring interactive maps,
graphs and charts. Contributed data are aggregated, reviewed by local experts for quality
when flagged by automated data filters, and then integrated into the Avian Knowledge
Network, a public archive of observational data on bird populations across the Western
hemisphere. eBird represents a mature, well supported, and technologically sophisticated
project that is engaging volunteers internationally on a massive scale, receiving up to three
million observations monthly by 2011.
3.2.3 Comparison of Selected Cases to Broader Population
A survey of citizen science project organizers conducted in 2011 focused on project char-
acteristics, and helped establish the representativeness of the cases. A description of the
survey methods and instruments are included in Appendices B, C, and D. Several details
1http://ebird.org/content/ebird/about
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Feature Survey Mountain
Watch
Great Sunflower eBird
Annual
budget
$100K (average), $35K
(median), $20K
(mode)
$15K $13K $300K
Staffing 1–1.5 FTE 1.5 FTE 0.5 FTE 4.5 FTE
Age in years,
2012
14 (average), 10
(median), 3 (mode)
8 4 10
Funding
sources
Grants & donations
(monetary, in-kind);
average 5 sources
Multiple
grants,
donations
Multiple grants,
donations,
merchandise,
referral sales
Multiple grants,
donations,
sponsorships, service
fees
ICT Website, email, social
media, publications,
articles, graphs &
charts, data summaries
Website,
email,
interactive
map
Website, email,
map, summary
data, social media
Website, email,
multiple types of
maps, on-demand
reports, charts &
graphs, social media,
articles, blog, data
tools, publications
Data quality Expert review, photos,
data sheets,
replication, training
programs
Expert
review, data
sheets,
replications
Expert review,
data sheets
Automatic filtering,
expert review, photos
& replication
Table 3.2: Summary of average survey respondent project characteristics and cases.
from the survey are presented here to contextualize the case selection and later discussion,
summarized in Table 3.2.
To better understand the resources that projects are able to devote to various aspects of
development, implementation, and improvement, the survey asked about levels of staffing,
annual budgets, and sources of funding. Responding projects had between zero and over
50 paid full-time equivalent employees (FTEs), with the majority of projects employing
1–1.5 FTEs. All of the cases in the study were fairly representative of the usual staffing
arrangements. Annual budgets ranged from $125 to $1,000,000 (USD or equivalent), with
an average of $104,882 but with a median of $35,000 and a mode of $20,000. The cases
in the study had budgets that ranged from approximately $13,000 to $300,000 per year,
representing both the high and low ends of the distribution for fiscal resources. Responding
projects were widely variable with respect to the age or duration of the project. A few were
not yet operational, and one was over 100 years old, but most were started in the last 10
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years. The cases for this study included projects that were 10, 8, and 4 years old at the time
of data collection, making them representative of the larger population.
The survey asked organizers about the types of funding sources that they use to support
their projects. Most projects relied primarily on federal or other grants, followed by in-
kind contributions and private donations. Organizers leveraged up to five different funding
sources to meet their expenses. The cases chosen for this study had a range of funding
sources, primarily grants, both monetary and in-kind donations, sponsorships, service fees,
merchandise sales, and in-kind contributions; each project used a range of resources that are
best suited and available to the organizers.
To learn about the range of information and communication technologies supporting
citizen science, the survey asked about tools in current use for communication with project
participants. Several technologies were used for communication among project organizers
and between organizers and participants, with websites and email being the most common
by a large margin. Other common communication tools were print publications, research
articles, and several types of data representations, including maps, graphs, charts, and data
querying and summary tools. As later discussion will demonstrate, the differences between
the websites for eBird, the Great Sunflower Project, and Mountain Watch are difficult to
adequately summarize and compare to the details reported on the survey. Nonetheless, the
cases selected for comparison have implemented many of the same types of technologies
adopted by the broader population of citizen science projects.
The majority of responding project organizers employed multiple mechanisms to ensure
data quality, for which specific requirements were dependent on the goals of the project.
Data quality typically refers to the precision, accuracy, and reliability of data contributed by
participants, which affect the utility of the data for scientific research differentially based on
research goals, analysis methods, and methodological standards. The most common combi-
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nations reported included expert review along with additional documentation of observations.
The frequency with which expert review and additional documentation is employed in citizen
science reflects in part the dominance of data collection as the primary task for contributors,
but also concerns over accurate identification, for example, of species or phenophases. For
the cases in this study, eBird employed automatic filtering and expert review; Mountain
Watch used paper data sheets, expert review, and multiple replications of observations; and
the Great Sunflower Project relied primarily on expert review and data sheets. The cases
are a reasonable representation of the larger trends in data validation practices.
For these descriptive characteristics of citizen science projects, the cases selected for the
study were typical with respect to staffing, age, sources of funding, types of technologies
used, and data validation mechanisms. They also included two projects with budgets close
to the mode and one with above-average fiscal and staffing resources, providing opportunity
to learn how variations in resources can influence project development.
3.3 Case Study Data Collection and Analysis
Contextually-focused data collection requires attention to the people and environment of a
social phenomenon. Multiple sources of data were collected to produce a record that provided
a broad view of the phenomenon of interest and allowed for triangulation of findings. The
primary data sources were interviews with project organizers in a variety of roles, participant
observation, and documents.
Data collection and analysis were guided by the research questions and the conceptual
framework discussed in Chapter II, which acted as a sensitizing device. Data analysis was
conducted concurrently with data collection, which guided further data collection with the
developing understanding of the phenomenon. This section focuses on the research process,
types of data collected, and analysis procedures.
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3.3.1 Research Process
Case selection, negotiating access, and seasonality for participation and observation dic-
tated the timelines for completing the research. Figure 3.2 depicts the research process as it
unfolded, with overlapping data collection and analysis processes.
Data collection relevant to these cases began in 2009 with initial interviews for a pilot
study that included organizers of the Great Sunflower Project and Mountain Watch, with
additional subsequent interviews in fall 2010 and summer 2011 for these projects. For eBird,
data collection began with a large number of internal documents and interviews with project
organizers over a period of four months in the summer and fall of 2010. Participation in
both eBird and the Great Sunflower Project lasted more than a year.
Initial analysis of interviews from eBird started in December of 2010, and led to the
concretization of the case selection criteria. Mountain Watch was formally recruited as a
case in January of 2011, although participant observation data collection was delayed until
June due to the seasonal aspects of participation.
Coding of interview transcripts resumed in July and August of 2011, using a revision of
the conceptual framework as a focus for analysis. Coding started with the eBird case, and
then continued to the Great Sunflower Project and Mountain Watch; the coding process was
repeated in multiple analysis cycles. At the same time, initial case descriptions were written
for each project, and interview transcripts were sent to each interviewee for verification.
Again, additional revisions were made to the theoretical framework as the writing process
provided further focus to the analysis. This iterative process highlighted differences between
each case; the findings from the eBird case were moderated by the other two cases, leading
to additional revisions to the theoretical framework.
In the fall and winter of 2011, continuing analysis overlapped with writing, leading to
completed case descriptions, structured around the version of the theoretical framework
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Interviews
Participant
observation Coding Theory Writing
Summer 2009
Fall 2009
Winter 2009
Spring 2010
Summer 2010
Fall 2010
Winter 2010
Spring 2011
Summer 2011
Fall 2011
Winter 2011
Spring 2012
Candidacy
exam
Dissertation 
proposal
Initial case
description
Initial
findings
Case
descriptions
Dissertation
manuscript
Spring 2009 Grantproposalv1.0
v3.0, v3.1,
v3.2, v3.3,
v3.4
v2.0
v4.0, v4.1,
v4.2
v4.3
v4.4, v4.5,
v4.6, v4.7,
v5.0
Great Sunflower 
Project Mountain WatcheBirdCases:
Figure 3.2: Research timeline for data collection, analysis, theory revisions, and writing.
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presented here. Throughout the process, changes to the theoretical framework were reviewed
and discussed with peers. The remainder of this section discusses the various types of data
collected for the study and the analysis processes in further detail.
As Eisenhardt (1989) discusses, the issue of closure in case study research is dual; re-
searchers must determine when to stop adding cases and also when to stop iterating between
data and theory. The concept of theoretical saturation advocates continued sampling of
cases until there are no new insights. Three cases were selected to address the research ques-
tions through theoretical replication, with each case representing a different variation on the
sampling criteria. These choices were based on theoretical criteria but also reflect choices
based on deep familiarity with the goals of the study, the context of the research, and the
types of data that were considered most useful for investigating the research questions.
The second form of closure mentioned by Eisenhardt (1989) refers to iteration between
data and theory, which should stop when there is minimal incremental improvement to
theory. This goal was moderated with consideration for resources and the planned timeline
for completion. Changes to the theoretical framework decreased as analysis continued until
there were no additional modifications that were warranted by the data from these cases.
3.3.2 Data
Data collection proceeded on a case-by-case basis, as each case was subject to different
constraints and provided different opportunities for data collection. Similar types of data
were collected for each case, subject to availability, and are more thoroughly described in
the case study descriptions. The case study methodology took advantage of the flexibility
of qualitative field research methods, combining a variety of elicitation methods to build a
deep understanding of the cases (Perecman & Curran, 2006; Bailey, 2007). The overall case
study data collection approach shared many of the characteristics of traditional ethnogra-
phy, including negotiation of access, long-term participation and observation, longitudinal
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interviews, and writing of field notes (Spradley, 1979; Fetterman, 1998). Similarly, analytic
practices included ongoing memoing, coding, and description.
Throughout the research process, additional involvement with the citizen science organizer
community and thematically related research projects provided additional insight into the
comparability of these cases to the larger population of citizen science projects. Engagement
with the practitioner community was nontrivial, and is described further later in this section.
This involvement provided substantial contextual background extending beyond the case
study sites themselves and into the larger organizational field. These experiences, while
not quantified or quoted in the analysis, were an important part of developing a theoretical
framework that is expected to apply to a much broader range of citizen science projects than
only those studied intensively in the current research. When broad statements about citizen
science projects are made in the case descriptions and analysis, these assertions are made
based on the wider range of experiences with the citizen science practitioner community and
prior empirical research on citizen science.
Interviews
Interviews elicit the firsthand accounts of the people involved in the phenomenon; they are
employed in various forms of qualitative and quantitative study. Multiple interview types
are typically employed with field research approaches, including informal, ethnographic,
semi-structured, and formal interviews (Kvale & Brinkmann, 2008). This research included
primarily semi-structured and informal interviews, with some longitudinal interviews that
provided deeper insight into project development. Due to the wide variability of interviewee
roles with respect to each of these cases, several variations on the initial semi-structured
interview protocol were used as the research evolved and for different interviewees based on
their relationship to the project (see Appendix A for a representative interview protocol).
The interviews elicited narratives of project development that were similar in some re-
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spects to an oral history, with each account reflecting the experiences and perspectives of
the participants. Semi-structured interviews with project leaders and other organizers pro-
vided complementary perspectives for a more holistic understanding of the cases. Whenever
possible, interviews were recorded and transcribed, and all interviews were augmented with
field notes.
Participant Observation
Participant observation is a field research data collection method for developing the deep
understanding the context and practices of a social phenomenon that generally requires
“being there” (Spradley, 1980). In this discussion of research methods, the use of the terms
participants, participation, and observation may become unclear. Participants are the people
contributing to the project through participation processes, and these processes are a con-
cept in the research questions and conceptual framework. In addition, contribution to these
projects involves collecting observations of natural phenomena. The researcher, as a partici-
pant observer, both participates and observes participation of others. For this study, I was a
participant in the larger organizer community and a participant the case study projects (in
the same sense as other contributors). As contributing participant, I contributed observation
data to the projects, as do other participants. In the process, I also observed other partic-
ipants who made observations of birds, bees, and flowers. While potentially confusing in
reference to participant observation methods, the terminology is consistently applied in sub-
sequent chapters: participants are contributors, participation is the process of contributing,
and observations are the data that participants contribute.
Field research provided an opportunity to develop a deep, experiential understanding of
the participation processes in context. During participant observation, field notes provided
data documenting the experiences and developing understanding of the researcher (Emerson,
Fretz, & Shaw, 1995). Participant observation took two forms, both as a contributor in each
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project, and in citizen science organizer meetings and community events. With respect to
participation with organizers, extensive experience with the broader context of citizen science
was gained through attendance at ecological conferences, stakeholder meetings, invitational
workshops, NSF grant advisory committees, DataONE working group meetings, project
planning committee meetings and teleconferences, coauthorship of ecology journal articles
with project organizers, and a pilot study focused on the development of a regional network
of citizen science projects. Therefore, comparisons drawn to other citizen science projects
are based on four years of immersive experiences working with these groups.
Participant observation also included participation as a contributor in each project, al-
though at varying levels of intensity congruent with the nature of each case and my inherent
interest in the activities. Participation also included reading and posting to email listservs
and online forums from the standpoint of a non-researcher (Best & Krueger, 2004; Hine,
2000; Ruhleder, 2000). Interactions recorded via electronic means are a form of secondary
data, but as my participation was concurrent with the generation of most of the records
consulted during analysis, they are not separately categorized as such.
The duration of participation varied by the project structure: eBird participation lasted
well over a year (continued in large part due to the enjoyable nature of the activity), while
Great Sunflower Project participation was limited to summers over three years and Moun-
tain Watch participation was constrained to a single very intensive week. The locations of
participation were also disparate. While the majority of eBird participation took place in
my back yard, it also occurred in 140 other distinct locations in 19 states and provinces
across four countries. The Great Sunflower Project participation was limited to my front
yard, where I grew sunflowers for observing bees. Mountain Watch participation occurred
along hiking trails in a relatively small area of the White Mountains of New Hampshire
surrounding the Appalachian Trail. Each form of participation required different skills and
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knowledge, and I learned a great deal from the domain-specific content of each project in
addition to learning about the projects themselves.
Observation of other participants’ experiences and behavior was primarily conducted via
email lists and forums for two cases (eBird and the Great Sunflower Project.) Indirect
and virtual observation of contributors’ practices was aligned with the experiences of other
participants, who also participate remotely, and provided substantial insight into the norms,
interests, skills, and values of participants, in addition to substantiating many of the claims
that organizers made about project participants. The nature of participation in Mountain
Watch afforded more direct opportunity for observation, which enhanced my understanding
of participation more generally. Notably, however, the nature of the Mountain Watch project
also made direct observation of other participants much more relevant than it would have
been in the other cases. In eBird and Great Sunflower Project participation is primarily
undertaken by individuals (or in small groups), whereas Mountain Watch participation often
includes substantially more direct in-person interaction with organizers. Two different modes
of participation in Mountain Watch were undertaken to provide additional context for the
variations on the experience as relates to independent versus guided group participation.
Documents and Artifacts
Both documents and artifacts can provide rich sources of data. Documents provide a view
of interaction within a social group, and often play an important role in case study research
(Yin, 1984). The specific types of documents collected for each case are detailed further in
the case descriptions. They included several hundred individual documents, such as grant
applications, protocols, data sheets, promotional materials, newsletters, scholarly articles,
and numerous photographs made during participation. These documents further clarified
project history, processes, and outputs.
These data sources were used in two ways: to provide background and context for the case
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studies, and as sources of data for triangulation of claims made in interviews and for assessing
the commonality of participation experiences from participant observation. As a form of
background to the case studies, documents such as webpages and grant applications provided
additional information on project histories and goals, organizational context, and insight into
how organizers communicate with participants. These data sources also supplied additional
detail on participation procedures, how to use supporting technologies, documentation of the
places in which participation occurs, and evidence of the scientific outcomes of the projects.
As mentioned above, the posts on listservs and forums were used to verify organizer
claims, e.g., that participants encountered problems using data entry forms, or found website
features motivating and exciting. The opinions and positions expressed by project partici-
pants were also compared to those of the researcher to better understand the likelihood that
these experiences were shared by others, and therefore potentially relevant to the broader
population of participants.
3.3.3 Analysis
As previously mentioned, data analysis was an ongoing, iterative process that began in
late 2010 and continued through the fall of 2011. The analytic process adopted for this study
was a combination of deductive and inductive coding of interview transcripts. Coding was
conducted using the TAMS Analyzer open source software for Mac OS X (Weinstein, 2012).
Analysis Processes
The analysis was initially guided by an early version of the theoretical framework (Wiggins
& Crowston, 2010), employed in a deductive fashion, followed by iterative inductive analysis.
The initial coding focused on only one case (eBird) during the development of a schema that
highlighted themes related to the initial conceptual framework, as well as new themes that
emerged through analysis. This initial analytic phase also helped to identify pertinent and
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rich passages of data to use for further study.
Next, inductive open coding within the text identified as relevant to the themes from
the framework yielded a much broader set of concepts more directly related to the research
questions than the initial framework. The process highlighted several recurring and im-
portant concepts that were not included in the earlier theoretical framework. These were
subsequently incorporated into the framework and used as a coding schema for the full set of
interview transcripts. Many elements of the initial framework were revised to better reflect
concepts derived directly from the empirical data.
After revision of the theoretical framework, the concepts derived from the first case were
used to deductively code the entire set of transcripts for all three cases. As the second and
third cases were coded, additional themes emerged, and were again incorporated into the
coding schema. The previously coded transcripts were reviewed for evidence of these themes,
and analytical memos were produced to track the evolution of the theoretical framework as
well as insights produced in the process of coding transcripts. Once all transcripts had been
coded with the concepts from this version of the theoretical framework, the coded text was
systematically retrieved on a case-by-case basis and summarized in memos focused on each
theme.
Because the coding was conducted at the level of the thematic unit (variable chunks of rel-
evant text), there were numerous overlapping codes that indicated conceptual relationships.
These co-coding instances were automatically identified with software reports, allowing easy
examination of some of the relationships between concepts for both the individual cases and
combined cases. After examining these instances, those for which two codes coincided fre-
quently were noted, although there was no assumption of causality in these relationships.
Diagrams for each individual case and the three cases together were then generated to visual-
ize the relationships between each concept, with connections weighted by relative frequency
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of the code overlaps, and concepts weighted by their overall frequency of occurrence.
These visualizations helped guide the descriptive analysis of each case by focusing at-
tention on the prevalent conceptual relationships. For example, while the high frequency
of technologies as a theme in the eBird case was due in part to the interview sampling, it
was also reflective of the central role that the eBird technical systems play in the participa-
tion processes and scientific outcomes; these links were therefore discussed in some depth in
the case description. Rich process models of participation processes were also produced for
each case (see example in Appendix E), which helped direct exploration of variability in the
skills and resources needed to support participation and assisted in identification of critical
differences in these processes for each case (Jensen & Scacchi, 2005).
The case study analyses were developed from both descriptive data and the coded inter-
view transcripts. Each case was written to provide background information about the project
history, organizational context, participation processes, and supporting technologies. The
coded interview transcripts were then mined for quotes and examples that demonstrated
specific theoretical concepts or relationships between concepts. These quotes were then
organized to structure the analysis of each case around the concepts from the theoretical
framework and the research questions. The relevant theoretical concepts are specified in the
titles of many subsections in the case study chapters.
The emergent findings reported in Chapter VIII were generated through an iterative in-
ductive process. A series of themes connecting the concepts in the theoretical framework
and highlighting commonalities between the cases was developed through review of the inter-
view transcripts, visualizations of coding, and comparison of the evidence for the theoretical
concepts in each case. Memos made during review of each individual theoretical concept
tracked the relationships between the concepts, noted details of the projects that were taken
for granted by interviewees, and identified repeated instances of these relationships across
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the cases.
These processes yielded an initial set of seventeen topics. The list of topics was then
condensed into the resulting five themes discussed here by consolidating related topics into
coherent themes. With supporting evidence from the interviews, which made both explicit
and implicit connections between the theoretical concepts, the themes were further developed
to demonstrate the interactions of these concepts with the context of practice. In addition,
these emergent themes were used to address the answers to the research questions in Chapter
IX.
Finally, the writing process stimulated further analysis by narrowing the review of con-
cepts and their relationships, which helped highlight additional points of comparison between
the cases. The process of writing the case descriptions generated new insights into the dis-
tinctive features of each case as well as the reasons for the differences between cases, which
were captured in both the writing of the case descriptions and the cross-case analysis.
Writing Conventions
Several writing conventions are used in this manuscript; they are described here for clarity.
All identities are anonymized with portions of the Latin names of organisms related to the
scientific domain of study. For example, the pseudonym Clintonia is derived from Clintonia
borealis, Bluebead lily, which is one of the forest flower monitoring species in Mountain
Watch. The exception to the rule is in the case of project founders whose full names are
used because the public nature of information about their roles in the respective projects
means that anonymization provides no identity protection.
There are a variety of roles that individuals take in citizen science projects; they are
reflective of the structure of the projects and essentially self-assigned. These roles described
according to the terminology used by interviewees, with additional specification to clar-
ify distinctions based on organizational membership. Several terms are used consistently
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throughout to describe these roles. Project leaders are in charge of managing the project.
Project organizer, team member, or project staff are terms referring to other staff who con-
tribute to the project. The distinction between project leaders and project organizers is
most relevant for the eBird case study, as there were a wider variety of roles in that project
than the others; these terms should be regarded as synonymous for the other cases. Partner
project organizers take a leadership role in external organizations that explicitly support
the project, but are not officially part of the project leadership team. Participant and con-
tributor refer to the citizen scientists who contribute to and participate in the project as
volunteers. Occasionally the term project member is used to refer to contributors as well,
but is always distinct from team member. Registrant refers to people who have indicated
interest or willingness to participate in the project, typically by creating an online account;
these individuals may or may not be contributors, which is relevant primarily in the case of
the Great Sunflower Project. Interviewee refers to those individuals who provided interviews
for the study; for these cases, the term participants never refers to interviewees.
Quotations from interviews are formatted in APA style. The numeric references following
citations refer to the location of the character range within the interview transcript wherein
the cited text can be found, e.g., (Pinicola, 1234–5678). For practical reasons, these text
locations are not precise to the exact wording, but always include the full text cited. The
text locations refer to the raw transcripts, i.e., additional characters added by coding are not
included in these character counts. This ensures that if the raw transcripts were examined,
the precise location of quotations could be found.
All quoted text is verbatim, subject to minor omissions in transcription that do not affect
meaning in the analysis. Non-word utterances were not transcribed, nor were sequentially
repeated words, e.g., “I found that, that it, that it just confused things” would be transcribed
as “I found that it just confused things.” The phrase “you know” was omitted when used
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habitually in the same fashion as a non-word utterance and clearly not related to the content
of the statement; it was included when the relationship of the phrase to content was either
contextually relevant or unclear. Although this required a judgment call, reviewing the
audio recordings of each interview made these choices straightforward; the interpretation
of the use of this phrase was unchanged from the original context of spoken conversation.
These omissions were made for the sake of clarity and brevity, as the vernacular speech of
some individuals would otherwise require ellipses so frequently that quotations would become
difficult to read.
3.4 Research Quality
As with any research design, the case study methodology has its limitations. Assessing
the quality of qualitative, interpretive, contextualized research poses different challenges
than quantitative research, for which statistical tests provide established means to evaluate
validity. Contextually-grounded research aspires to analytical or theoretical generalizability,
the ability to apply the theoretical insights derived from one context to others, which is
particularly relevant for contributing to practice as well as theory. The limitations of any
given methodological approach are most often criticized with respect to validation of the
research, which will be discussed next, along with the validation strategies used in this
study.
Modes of validation depend on the purpose of the study and the researcher’s philosoph-
ical position on objectivity and ontology. Intersubjective evaluation of freedom from bias
in qualitative research involves examining the findings by degree of validation, theoretical
perspective, reflexivity, articulation of bias, and the case for generalizability. In addition, ex-
plicit discussion of the researcher’s positionality, or personal qualities and values with respect
to the research, allows others to understand the ways in which the researcher’s individual
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personal characteristics, context, and knowledge affect her experiences and findings; these
details are discussed below. Positionality is just one aspect of the reflexivity documented in
the written report, and awareness of the impact of the researcher’s perspective on the re-
search must be maintained throughout the research process (Davies, 2008). The remainder
of this section further discusses validation strategies and positionality.
3.4.1 Validation Strategies
Case study research employs multiple tactics for addressing research quality at each stage
of research. According to Yin (1984), four aspects of research quality that case study research
designs must address are construct validity, internal validity, external validity (generalizabil-
ity), and reliability. Lincoln and Guba (1985) argue, however, that these criteria drawn from
quantitative research frameworks do not translate well to qualitative research. Instead, they
suggest the criteria of credibility, transferability, dependability, and confirmability. These
four criteria were used as the guiding principles for supporting research quality.
Credibility equates to internal validity, establishing that the research results are believ-
able from the perspective of participants in the research. Transferability takes the place of
external validity, and is established through description of research contexts and assumptions
so that readers can judge whether results are transferable to other contexts. In addition,
the comparative case study design with theoretical replication logic improves transferability
(Yin, 1984), and supports theoretical generalizability. Dependability departs from relia-
bility in acknowledging that contextualized social phenomena cannot be measured twice.
Instead, the researcher must describe changes to the research context and how the research
approach was affected by them. For example, this study incorporated dependability checks
through creation and peer review of an audit trail, two stages of validity verification through
participant review, and periodic peer review with outside experts. Since the criterion of ob-
jectivity is contrary to the subjectivity of qualitative research, confirmability focuses instead
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Criterion Strategy
Credibility Multiple peer and external reviews, participant review of
transcripts and case study descriptions
Transferability Comparative design with replication logic
Dependability Audit trail with peer review, memos throughout data collection
and analysis
Confirmability Triangulation, audit trail, documentation of analysis and theory
development
Table 3.3: Validation criteria and strategies.
on whether the results can be confirmed by others. Confirmability is a point of evaluation
achieved through documentation of the research process, peer review, and triangulation of
data sources. The strategies employed to address these four criteria for evaluation in the
current study are shown in Table 3.3 and discussed in the remainder of this section.
As is often recommended for field research, this research study involved creating an audit
trail documenting research decisions to help maintain research reliability and internal validity.
The audit trail documented the connections from the evidence in multiple sources of data
to the analysis process, and the chain of reasoning leading to the interpretation. Experts
in the domain of citizen science practices at the Cornell Lab of Ornithology were consulted
to verify that the emergent findings were not an artifact of sampling, but could reasonably
apply to other citizen science projects.
To strengthen credibility and dependability, the findings and interpretation were also
subject to review by the participants at two stages, in addition to ongoing verification from
contact with key informants. Initial participant review came from sending a copy of inter-
view transcripts to each participant for examination and modification as desired; only one
interviewee opted to make any changes to an interview transcript (removal of a few lines of
speculative commentary.) As case descriptions were completed, key informants from each
case site were asked to review the completed chapter for their project and provide correc-
tions. These reviews provided opportunity to verify factual accuracy as well as interpretation
on a per-case basis. Each complimented the depth of the description and suggested minor
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Principle Definition Strategy
Hermeneutic circle Iteration between meanings of
interdependent parts and whole
Multiple iterations through analysis
and theory development; evolving
data collection
Contextualization Critical reflection of research setting
demonstrating emergence of current
situation
Organizational context and project
history background documented for
each case
Interaction between
researchers and subjects
Critical reflection on social
construction of data through
interaction
Analysis acknowledges potential
influence of researcher focus on
interview data
Abstraction and
generalization
Relating findings to other theories
and concepts
Synthesis of other conceptual models
into theoretical framework
Dialogical reasoning Sensitivity to contradictions between
theoretical preconceptions and
actual findings
Iterative theory development
process; discussion of additional
emergent themes
Multiple interpretations Sensitivity to possible difference in
interpretations among participants
Development of project description
through triangulation
Suspicion Sensitivity to possible biases and
systematic distortions in participant
narratives
Elicitation of accounts from both
within and outside of project
leadership
Table 3.4: Evidence for conformity to evaluation principles for interpretive field research.
corrections. The case descriptions were also peer-reviewed to verify theoretical coherence
and interpretations of the evidence.
In addition, Klein and Myers (1999) summarized seven principles for conducting and
evaluating interpretive field research. This research was checked and adjusted according
to these principles to support the quality of the research process and product. The seven
principles are summarized in Table 3.4, along with strategies for and evidence of their use.
Notably, even the finest researchers do not typically meet every principle in a single study,
as discussed by Klein and Myers (1999). These principles are upheld to varying degrees,
which is true of the current study as well.
In summary, the strategies employed to address research quality included the use of
replication logic in the sampling design, creation of an audit trail for review by colleagues, and
multiple reviews of both data and findings by peers, participants, and expert practitioners.
The combination of techniques drew upon the strengths of different audiences to respond
to different aspects of research quality throughout the research process. In addition, the
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following discussion of researcher positionality reveals the personal characteristics and values
of the researcher which may influence the quality and interpretation of the research.
3.4.2 Researcher Positionality
The role of the researcher is critical in qualitative research, and becomes all the more
evident in field research involving participant observation. The researcher has substantial
influence on the way the research is conducted and the findings that are generated. Acknowl-
edging that neither research nor researchers are value-free, this section briefly discusses a
reflexive view of the position of the researcher with respect to the research.
I am a white woman with a middle-class upbringing, memberships in several environ-
mental organizations, and a graduate degree. These individual characteristics make me
demographically similar to many participants in the citizen science projects selected as cases
for this study. I take a positive view on the value of citizen science, and science more gen-
erally. In particular, I value the scientific endeavor and expect that citizen science projects
can make meaningful contributions to both scientific knowledge production and the lives of
the individuals involved in these projects. This too is reflective of typical attitudes of citizen
scientists (Brossard et al., 2005). I consider these aspects of my position as a researcher
beneficial to understanding the participant experience and to some degree inherent in the
practice of scientific research. I have taken care not to turn a blind eye, however, to the
shortcomings of the cases I study, the assumptions and practices of citizen science, and the
scientific establishment more broadly.
In addition to theoretically motivated and practical reasons, my values also influenced the
choice of projects, in particular, focusing on environmental science for case study selection.
I gave substantially more weight to the research-oriented rationales during selection of cases
than my personal preferences, but was pleased that these reasons could also align with
personal values. I care deeply about the larger problems that these projects address and
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hope the outcomes of my research can support citizen science in tackling important research
questions that I am not able to address myself.
Again, my interests and values put me in greater alignment with other participants in
these projects, and have helped sustain my enthusiasm for and commitment to the study.
Rather than biasing my views toward an entirely favorable position with respect to the
cases, I find that my commitment to supporting citizen science has contributed to an ethic
of maintaining a balanced perspective. I understand that my criticisms can benefit the
development of these projects by pointing out the characteristics and assumptions of these
projects, good or bad, that are taken for granted by those closely involved in their operations.
My professional background in nonprofit management supports a deeper understanding
of the case study contexts, but also means that I tend to take a positive view of their
associated institutions as well. As a former volunteer coordinator, I understand the challenges
of managing an unpaid workforce and the potential for mutual value from voluntary work. I
believe that these projects have the potential to serve the greater good, like most nonprofit
organizations and volunteer-driven communities.
Throughout the study, I took care to observe and consider how my own feelings, assump-
tions, values, and personal qualities affected the way the research was conducted. Such
reflexive practice is an additional method of improving the quality of research. These per-
sonal reactions were also recorded in field notes and memos as another form of insight into
the context of the phenomenon. I believe that taking my personal characteristics and values
into careful consideration with respect to how they affect this study has helped strengthen
the research. The disclosure of positionality also provides the reader with information needed
to assess the credibility and validity of the work by making apparent the influence of the
researcher’s perspective.
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3.4.3 Going Native
The phrase “going native” is used in anthropology to refer to circumstances in which the
researcher becomes a member of the social groups that she studies. Going native was, in
fact, a key aspect of the participant observation in this study. To answer the research ques-
tions, going native was pragmatically worthwhile and theoretically necessary, so appropriate
measures were taken to maintain objectivity and the ability to remain critical.
In order to participate in the projects as a contributor, it was necessary to learn birding,
alpine wildflower identification skills, and tend a garden to ensure that my sunflowers would
grow. Gardening did not require the level of immersive engagement that would generally be
considered going native, and I was already a hiker with good plant identification skills at the
start of the research. Reporting bird observations was far more challenging due to the nature
of the task, however, and could not be adequately achieved without making a serious effort
to become a birder. While going native is considered a detriment to the research quality in
some cases, it also provides an unparalleled insider perspective that can substantially enrich
the research. For example, in order to truly understand the interests and motivations of
birders, and the reasons that the eBird software was designed as it was, it was necessary to
become a birder.
From a pragmatic standpoint, becoming deeply involved in the organizer community
provided access to the cases and interviewees that simply would not have been available
otherwise. The trust developed through relationships with organizers also provided oppor-
tunity to obtain frank, honest answers that would have been less forthcoming or entirely
absent had the idealized distance between researcher and informant been maintained. When
requested to participate in citizen science organizer community workshops and meetings, and
to provide feedback on project materials, I felt it appropriate to reciprocate the generous
contributions that these individuals had made to my research.
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From a theoretical standpoint, pursuing objectivity in qualitative research is paradoxical.
The plurality of phenomenal worlds, as discussed by Kuhn (1970), highlights the differences
in interpretation that are drawn by members of different groups. Accurately interpreting
the positions and nuances of interviewees from the birding community, for example, would
have been incomplete without the experiences of birding. Access to this experientially-
based knowledge required skepticism of my own assumptions (e.g., that observing birds is
“easy”) and pragmatic acceptance of the assumptions of interviewees (e.g., book learning
cannot adequately substitute for substantial field experience.) Experiencing the community
practices and norms therefore enabled contextually-appropriate interpretation of interview
data, some of which would have been naively interpreted without this level of familiarity.
As there was relatively little preunderstanding of the communities of practice compared
to insider research in organizational contexts, issues of assumptions and failure to consider
alternate framing were less substantial (Brannick & Coghlan, 2007). While there was no
intentional effort to influence the organizers’ behaviors at the outset, I found in time that
these effects were inevitable as an outcome of seemingly unremarkable interactions. As a
person engaging with the citizen science organizer community, but not acting as a project
organizer, I had the unusual role of an observer at the community level, which supported
the maintenance of an outsider perspective.
The risks to the research of going native are losing objectivity by becoming too close to
the subjects and losing the ability to be critical of community practices and perspectives.
In response to these concerns, field notes maintained a high level of intentional reflexivity,
recording the learning process and changes in perspective as I became a member of these
communities. Analytical memos provided additional opportunities to examine the data from
a more critical standpoint, particularly through the comparison of data sources. In addition,
data collection specifically sought to engage diverse perspectives and opinions, allowing me
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access to divergent views of the cases that further prompted critical reflection and reinforced
objectivity by presenting conflicting accounts. These practices helped maintain research
quality despite the necessity of joining the communities that I studied.
3.5 Summary
This research employed a comparative case study design, for which the conceptual frame-
work developed in Chapter II provided a focus for data collection and initial analysis. Se-
lected concepts from the framework formed the criteria for theoretical sampling to select
three cases for in-depth study. The characteristics of these cases were compared to results
of a survey of citizen science projects, which verified that the cases represent a cross-section
of the larger population while also demonstrating theoretically interesting variations. Field
research methods were used to collect several types of data to test and further develop the
theoretical framework. As data were collected, analysis began with iterative coding of in-
terview transcripts and description of each case for within-case analysis. Comparisons were
drawn throughout the data collection and analysis process, with the within-case analysis
completed before cross-case analysis was undertaken in earnest. Combined with the spec-
ified research questions, the iterative and concurrent data collection and analysis strategy
led to evolving insights on the conceptual framework and emergent themes. The quality of
the research was strengthened by several elements of the research design, including data tri-
angulation, creation of an audit trail, multiple stages of participant review, and peer review
of findings.
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CHAPTER IV
Mountain Watch
4.1 Conservation in the Clouds
In 2004, a plant biologist in the Research department of the Appalachian Mountain Club
(AMC) designed a study to monitor the effects of climate change on alpine plants in the
Presidential Range of New Hampshire’s White Mountains. Phenology refers to the study
of the life cycles of organisms and their responses to seasonal changes in their environment.
Long-term monitoring of the phenology of flowering plants could help establish how climatic
conditions are changing in this fragile alpine ecosystem.
Phenology research has already shown that spring now arrives more than a week earlier
at Walden Pond than it did in Thoreau’s time (Miller-Rushing & Primack, 2008). The po-
tential impacts of these changes are disturbing. Plants, insects, and animals are ecologically
interdependent and their relationships are often time-sensitive. Changes in phenology trig-
gered by climate change could cause mismatches in their life cycles that may subsequently
lead to decline and loss of sensitive species.
Plants in alpine environments are of particular concern because of their extremely limited
range of occurrence and specialized adaptations to the habitat. Most are very small, compact,
and have evolved features that help them withstand high winds and hard winters; even when
dwarfed only by climate rather than genetics, alpine plants grow very slowly and recovery
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is protracted if they are damaged. For example, krummholz trees of several species (from
German, meaning “crooked, bent, twisted wood”) in the White Mountains can take over 100
years to reach the diameter of a human finger, while the same species growing in lowland
forests easily achieve this size in just a few years. Diapensia, a small pincushion plant
that often grows along the edges of narrow high elevation trails and is quickly destroyed by
trampling, takes nearly 15 years to grow to the diameter of a U.S. quarter coin and requires
an average of 18 years to achieve reproductive maturity.
So how is climate change affecting alpine communities in the Northeastern U.S.? When
the biologist plotted out the parameters for his study, he found that it wasn’t possible for
one person to gather the data needed to make meaningful conclusions about the phenology
of alpine plants. No single person could visit all the necessary alpine monitoring sites,
frequently enough and for a long enough period of time—years, in fact—to make the study
possible. It would take a lifetime of dedication. No one has the resources for that kind of
study.
Not long after, in a brainstorming session with colleagues in the AMC’s Research depart-
ment, a solution was proposed for the resource gap. The department had been doing some
work over the years to look at climate change, including mapping treeline and the distribu-
tion of key alpine plant communities. As the Research team discussed other measurements
that would be useful to address these question, the concept of phenology monitoring surfaced
as an option. AMC staff already knew that visitors to the White Mountains are interested in
seeing the alpine wildflowers in bloom; they receive calls and emails from visitors inquiring
about the timing of spring flowering every year. There seemed an obvious opportunity to
leverage volunteer effort from hikers. Given the scientific research goal of the study, one of
the primary methodological questions became: Can hikers in the White Mountains provide
scientifically useful data for long-term monitoring? A handful of researchers and educators
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devoted portions of their time to finding out.
4.1.1 Project Description
Mountain Watch is a citizen science project operated by the AMC with two sub-projects
focusing on air quality and plant phenology. Based primarily at the AMC facilities in New
Hampshire’s White Mountains, visibility monitoring was the original focus of Mountain
Watch. The phenology monitoring protocol is now the primary focus of Mountain Watch,
and is also suited for data collection in other forests and mountain ranges in the Northeastern
U.S.
The phenology monitoring project piloted its protocols in 2004 and started actively re-
cruiting volunteer participation in 2005. By 2006, hut naturalists provided visitors with
interpretive programs featuring the Mountain Watch project in both its incarnations. The
Visibility Volunteers use a “view card” to evaluate the clarity of the view from four of the
eight huts. Wildflower phenology monitoring requires a more complicated set of activities,
however, and although materials are available to let adventurous individuals make self-guided
observations, most participants in Mountain Watch encounter the project through an intro-
duction from a hut naturalist.
The Mountain Watch phenology protocol requires participants to find a pre-established
monitoring location, identify the target plants for monitoring among others growing nearby,
and then identify the stage of plant flowering or fruiting. Participants are also offered the
opportunity to participate in locations of their own choice, as long as the monitoring species
are present. While a forest flower monitoring protocol is also available to collect comparison
data on low-elevation species, the primary focus is on alpine plants, particularly within the
Presidential Range of the White Mountains. There were two research questions that the
organizers hoped to address with these data: 1) Are mountain plants flowering earlier? and
2) How are environmental parameters related to flowering? These research questions focus
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on indicators of climate change through the study of phenology.
The outcomes with respect to overall participation have been encouraging: AMC reported
that by 2010, 15,000 hikers had been involved in either contributing data to the project or
participating in the related naturalist programs (Buni, 2012). Participation is limited to
the growing season, which imposes further constraints given the weather patterns in the
White Mountains. In particular, the conditions on Mt. Washington (very close to several
monitoring sites) have been called “the worst weather in the world” since 1940 due to its
dangerously erratic weather. Wind speeds up to 231 miles per hour have been recorded atop
Mt. Washington, and July is the only month with no snowfall. Even the U.S. Forest Service
(USFS) signs warn hikers about “the worst weather in America,” noting that numerous
deaths of exposure have occurred in this area, even in the summer.
Additional limitations are posed by the target audience, hikers visiting the Whites on
vacation, which means that their commitment to the task may be substantially different
than participants in the other cases. Given the environmental conditions, the technologies
supporting Mountain Watch are primarily paper-based, with a more recently developed
subsection of the AMC website permitting online data entry as well. Newer online features
map data in real-time, but data retrieval and visualization are still fairly limited.
Mountain Watch has performed impressively rigorous and incremental revision to the
participation protocol to support data quality for scientific research purposes by reducing
the complexity of the participation tasks. Mountain Watch also serves as a senior member of
the emerging phenology citizen science community, offering valuable insights for other groups
as they design new projects. Despite these successes, the data produced to date have been
of limited research value due to several validity concerns, although these issues are being
progressively addressed through ongoing refinements. The project’s organizational support
has permitted this slow evolution of the protocol because of the mission alignment with
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AMC’s focus on education as well as conservation and recreation. Mountain Watch represents
a maturing, long-term, place-based citizen science project; it has demonstrated rigorous
scientific approaches to protocol refinement and has leveraged organizational resources to
expand outreach to a constantly changing participant base.
4.1.2 Organizational Context
The Appalachian Mountain Club was founded in 1876 by Bostonians who shared an
interest in mountain exploration (Wivell, 2011). Its organizational mission is to “promote
the protection, enjoyment, and understanding of the mountains, forests, waters, and trails
of the Appalachian region.” This mission was consistently summarized by interviewees as
three focal areas: “our main areas of focus are conservation, recreation, and education. We
find that through one of those you’re going to get involved with the other two” (Ledum,
1815–1996). AMC is an institution in its own right; it is the oldest U.S. mountain club,
and a recognized leader in its organizational field. As a membership-based organization,
AMC has a chapter system similar to other outdoors-focused organizations (e.g., Sierra
Club, National Audubon, Adirondack Mountain Club) with 12 chapters that offer local
activities and workshops. It is a relatively large organization, with 450 full-time and seasonal
staff, 16,000 volunteers, and 100,000 members, supporters, and advocates. In addition to
supporting conservation policy and research, staff and volunteers maintain 1,500 miles of
trails and work to bring urban and at-risk youth to the outdoors.
AMC has a long and storied history, full of tales of tragedy and triumph. Among its
many activities and efforts, the AMC owns and manages several large wilderness areas in
the Northeastern U.S., and also operates camps, cabins, and lodges in Massachusetts, Con-
necticut, New York, New Jersey, and New Hampshire, with the Maine Woods Initiative
representing the most recent expansion. Of these facilities, the huts in the Presidential
Range of New Hampshire’s White Mountains are the most established, notable, and relevant
114
to the Mountain Watch project.
The White Mountains High Hut system is fashioned after European lodges in the Alps,
which provide food and shelter to mountaineers and are often operated by membership-based
clubs similar to AMC. The first hut in the White Mountains was built in 1888 between Mt.
Adams and Mt. Madison. The huts provide comfortable lodgings and hearty meals to
hikers, many of whom would otherwise find the conditions in these locations too harsh and
dangerous even in the summer. For example, the Lakes of the Clouds Hut (Figure 4.1a) was
built on the shoulder of Mt. Washington in response to the combination of the irresistible
lure of the highest peak in the region and resulting tragic deaths of expert outdoorsmen due
to exposure. To this day, it has an emergency shelter beneath it that is accessible year-round
(described by a tour guide as “nasty” but better than dying.) The lodge and hut system
covers multiple public land areas, including the White Mountain National Forest, which
attracts around seven million annual visitors.
The White Mountains facilities include two lodges and visitor centers at Crawford Notch
and Pinkham Notch. The eight High Huts are spread along a 42-mile section of the 2,200-mile
Appalachian Trail and are located approximately six to eight miles apart, from Lonesome
Lake near Franconia Notch to Carter Notch Hut between Wildcat Mountain and Carter
Dome. They are operated by special permit from the U.S. Forest Service (USFS); the
1999 renewal of the 30-year permit required a multi-year study and environmental impact
statement, as the huts are located in environmentally sensitive areas and attract thousands
of hikers to the alpine territory above treeline.
The hut lodging capacities range from 36–90 people in bunkhouses or bunkrooms (Figure
4.1d). For a reasonable fee, guests enjoy spectacular views and share multi-course family-
style meals in the common areas of the huts (Figure 4.1b). The huts are open for full-service
operations from June 1 through mid-September or October, depending on location; three of
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(a) Exterior of Lakes of the Clouds Hut. (b) Dining and common area at Mizpah Spring Hut.
(c) Reception area and kitchen at Carter Notch Hut. (d) Twelve-person bunkroom at Lakes of the Clouds.
Figure 4.1: AMC hut facilities.
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the lower altitude huts offer winter lodgings with reduced service (no meals provided, un-
heated bunkrooms.) During the full-service season, the huts are operated by a “hut croo”1
of five to nine caretakers who provide hospitality, day-to-day maintenance, and emergency
rescue; they are typically college students or recent graduates. The croos also include a
resident naturalist, an individual with expertise or training in natural history, who pro-
vides daily educational presentations for guests on topics ranging from moose to how Mt.
Washington makes it own weather to Mountain Watch monitoring. A hiker shuttle provides
hikers easy access to trailheads without competing for trailhead parking or undertaking
joint-jarring road walks along fairly busy highways. This institutional structure and organi-
zational resources—particularly the backcountry facilities with their constant flow of summer
visitors—are a substantial asset for the Mountain Watch project.
4.1.3 Data Collection for Mountain Watch
Data collected for the Mountain Watch case study included these sources:
• Interviews
• Participation and observation
• Documents
These data sources complement one another and provide a holistic view of phenology moni-
toring in Mountain Watch.
Interviews
I conducted five interviews directly related to the Mountain Watch project; each interview
was approximately 60–90 minutes in duration. One interview included two interviewees, and
longitudinal interviews two years apart were held with one of the organizers. Two interviews
were held by telephone or Skype, and the rest were held in person at various AMC facilities
and at an ecology conference. Interviewees were selected because they were directly involved
1The term “croo” is the traditional name for these personnel, and the term is specific to the teams operating the AMC huts.
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in organizing and facilitating the project, and the sample represents all but one of the people
who were directly involved in project decision-making.
All of the interviewees are (or were) employees of the AMC. Their pseudonyms, based
on the Latin names of Mountain Watch alpine monitoring plants, are associated with their
roles in Table 4.1. They span the Research, Education, and Programming departments
of the organization, which allowed elicitation of perspectives across internal departmental
divisions. The researchers provided background on the scientific aspects of the project, and
along with the staff person from the Education department, also offered insight into project
organizing. The tour guide and former hut naturalist had substantial insight into participant
interests and modes of participation, providing a more balanced perspective on organizing
and participation.
Pseudonym Role
Carex Research scientist
Cornus Educator
Clintonia Former research associate & hut naturalist
Geum Research scientist
Ledum Tour guide
Table 4.1: Interviewees for Mountain Watch case study
I participated in several events (at least five conferences and meetings) during which
informal interviews occurred with three of the interviewees, providing updates to project
progress and additional details about the project. Conference attendance also permitted me
to interact with the organizers based around the academic presentations of their work in
both talks and posters. In addition, I participated in at least 6 conference calls for a related
project that involved two of the organizers, who provided accounts to the entire group that
reflected on the Mountain Watch project organizing experiences. Finally, the pilot study for
the current research included 20 interviews focused on organizers of a phenology network
in which Mountain Watch is the most established citizen science project. These meetings
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and interviews, while not quoted here, provided substantial background on citizen science
phenology monitoring and protocol development, as well as the wider organizational field in
which Mountain Watch operates.
Participation and Observation
Participation and observation in Mountain Watch was substantially different from the
other cases in this study along several dimensions. The nature of these differences had to
do with the unique characteristics of site-based participation in New Hampshire. While
participation could have been conducted in other areas such as the Adirondack Mountains,
this would have been an atypical form of participation. Participant observation was carefully
structured to replicate the most common ways that hikers participate in the project, so the
specifics are discussed in detail below.
Participation was immersive, physically demanding, and exhilarating. It required a visit
to the White Mountains, located approximately 380 miles from Syracuse, NY. Care was
taken to visit during optimal timing for alpine wildflower blooming in mid-June. The huts
selected for the visit were also intentionally chosen to provide a sense of the variety and
character of these facilities. In addition, an assistant was enlisted for safety reasons: hiking
solo is dangerous, and the trails in the Whites cover some of the most difficult terrain in the
Northeast. Extensive field notes were made daily at every opportunity throughout the trip.
The weeklong trip was designed to provide experiences representative of multiple modes
of participation in Mountain Watch. The trip involved visits to two “frontcountry” facilities,
three backcountry facilities, and the summits of Carter Dome, Mt. Pierce, and Mt. Franklin.
There were two parts to this visit, one representing the more common independent style of
participation, and the second as part of a guided “Lodge-to-Hut Adventure” tour focused on
alpine wildflowers, which also incorporated Mountain Watch as a component of the activities.
The independent participation experience began at Joe Dodge Lodge at the Pinkham
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Notch Visitor Center with a two-day roundtrip excursion to Carter Notch (elevation 3,288’),
located between Wildcat Mountain and Carter Dome and surrounded by two lakes formed
by an enormous boulder field. The Lodge-to-Hut adventure was a 3.5-day tour, with seven
participants and two guides. Beginning at Highland Visitor Center, the group hiked to
Mizpah Spring Hut (elevation 3,800’) and then Lakes of the Clouds Hut (elevation 5,012’)
before returning to Pinkham Notch; it also included a side trip to an alpine bog.
These participation experiences offered the opportunity to directly observe the way that
Mountain Watch is presented to hut guests, who are the primary participants in the project.
It also allowed direct observation of other participants, both potential participants among
the general hut guests, and engaged participants who were part of the tour. As members of
the “Flower People”—so dubbed by a hiker who was not part of the group—these individuals
were presumably self-selected ideal participants for Mountain Watch based on an interest in
alpine wildflowers.
Participant observation in the White Mountains provided an insider perspective that
would have been impossible to gain from any other data source. Because there were no
avenues for technology-mediated interaction among participants, the in-person experiences
were the only opportunity to observe project participants. Both observation and participa-
tion revealed a variety of ways that participants can experience both the AMC facilities and
Mountain Watch, although the data collection emphasis was on participation rather than ob-
servation of other participants. These hikers made an interesting contrast to the participants
in the other case studies because they are on vacation, rather than engaging in activities
that can be a part of their everyday routines. The experience also demonstrated the con-
sistency and saturation of communication about Mountain Watch to hut guests, which was
a truly unique feature of this project. Based on this experience, the nature of another type
of participation—independent observations made outside of the Whites—was also clarified,
120
although not undertaken as part of this study.
Documents
Documents collected for this case consisted of materials provided to participants (pri-
marily guide books, view cards, and data sheets), AMC marketing materials, tutorials, and
numerous photographs of the field sites, participants, and location-based promotional ma-
terials. Several versions of the participation materials—Mountain Watch guide books and
data sheets—were collected because they changed over time. These documents provided ref-
erence points for the specifics of participation as well as evidence of the evolution of project
communications and participation protocols.
4.2 How Mountain Watch Works
To address phenology-related research questions, long-term monitoring of the same plant
species in the same location—sometimes even the same specimens—is required. While scien-
tifically rigorous in comparison to many citizen science participation protocols and therefore
more difficult to carry out, the validity of the research is paramount for informed decision-
making with respect to land management and policy. This section provides background on
the structure of participation tasks and the technologies used by Mountain Watch to support
public participation in climate change research. Unlike the following case study description,
this section begins with the data contribution tasks rather than the technologies because the
contribution tasks affect the technologies more than the reverse.
4.2.1 Data Contribution Tasks
Unlike most citizen science projects, Mountain Watch includes two separate but related
research projects: visibility reporting and flower monitoring. While the focus of this case
study is the mountain plant phenology portion of the project, the “Visibility Volunteers”
monitoring project is also described here for comparison and context.
121
Visibility Volunteers
The visibility monitoring portion of the project started prior to the phenology monitoring.
The purpose of the project is ongoing monitoring of air quality (ozone and particulate haze)
through evaluation of relative clarity of the view from high elevations. The protocol originally
involved using ozone cards, similar to pH litmus paper, to collect ozone level measurements,
and also asked hikers to submit photos from their hikes. This was very popular hands-on
activity that concretized an otherwise invisible quality of the environment. It ultimately
did not provide adequately scientifically valid data due to the frequency with which hikers
encounter inclement conditions that affect measurements on ozone cards. Once the ozone
cards were dropped and only photos were requested, participation dropped dramatically.
The monitoring protocol was therefore changed to use a view guide at set locations, which
volunteers use as a calibration point for evaluating the air quality conditions (see Figure 4.2,
which was the last one remaining at the location from which it was collected.) The data form
on the back of the view guide asks for minimal information: date, time, name, whether it is a
first visit to the Whites, visual range, presence of clouds, visibility rating, and acceptability
of the haze level. The entire process can be easily completed in under a minute. The view
cards are distributed at four of the AMC backcountry facilities, and a different view card is
required for each location. The tear-off data forms are returned to the same location, which
is marked on the form. The in-the-moment nature of participation, its brevity, and the
minimal requirements for returning the data form support good follow-through on data form
submissions; there is no online data entry for this monitoring project. The image on the front
of the card provides a souvenir for participants, reinforcing the value of their participation
and providing a reference point for their own vacation photos.
The data form for visibility monitoring includes one opinion-based item, asking hikers
whether they believe the visibility indicates acceptable air quality conditions. This data is
122
(a) Calibration image on the front of the view guide.
(b) Data submission form on the back of the view guide.
Figure 4.2: The Mountain Watch visibility monitoring view guide.
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used to calculate a metric of the visual range that is generally considered acceptable, and has
been used in testimony to lawmakers to demonstrate the value that their constituents place on
maintaining the Class I airsheds that are protected by the Clean Air Act. The acceptability
metric is also the focus of an Environmental Protection Agency revision of National Ambient
Air Quality Standards for urban visibility. Collecting thousands of individual responses has
meant that even opinion data carry weight for influencing conservation policy.
Although visibility monitoring was the original inspiration for Mountain Watch, it is no
longer the primary focus. Plant phenology monitoring, discussed next, has been the central
emphasis of the project since 2006.
Plant Phenology
In phenology, the phrase “timing is everything” is particularly meaningful, as the timing
of natural life cycles is the focus of this cross-disciplinary research area. The process of
participation in the Mountain Watch phenology monitoring protocol has a few variations
based on location, but the core task is the same. The hiker picks up a participation kit at one
of the AMC facilities—each facility has a location-specific kit—which contains a customized
full color field guide to the target monitoring plants and their phenological states, a data
sheet, and a pencil in a plastic zip bag (see Figure 4.3). Materials can also be downloaded
online before a hike, but do not contain site-specific maps. The data sheet includes a list of
monitoring plots with detailed descriptions of the locations for making observations and a
topographical map on the reverse side to further clarify the locations. The organizers are not
permitted to place markers at these plots due to USFS regulations (Clintonia, 23827–23907),
but as will be discussed shortly, observant hikers can use other cues to find some of these
locations.
After hiking to one of the specified locations, typically under a half-mile from an AMC
facility, participants use the field guide to identify the plants listed for that location on
124
Figure 4.3: Phenology monitoring participation kits for northern forest flowers (left) and alpine flowers
(right).
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the data sheet, and then also identify the phenophase/s that those plants display (before
flowering, in flowering, after flowering, ripe fruit, and after ripe fruit). There are three sets
of six target species for phenology monitoring, one set of five alpine flowers (previously 6;
one species was removed due to overwhelming identification challenges) and two sets of six
species of forest flowers, with separate lists for both northern and southern species. Hikers
can choose at how many and which of the specified locations to make observations, and can
also report on these target species for optional locations of their own choosing.
Figure 4.4: Mountain Watch data sheet drop box at Pinkham Notch Visitor Center, located at an information
desk.
Using the provided pencil, the participant fills in the data sheet for the specific location
and then tucks it away until reaching their next observation point or AMC facility. When
the participants have finished making observations, they can return the completed data sheet
at any of the AMC facilities, where clearly marked data sheet drop boxes are positioned in
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high visibility locations (see Figure 4.4). If this is inconvenient, participants can also submit
observations online through the Mountain Watch section of the AMC website.
4.2.2 Meta-Contribution Tasks
Meta-contribution opportunities, where participants can make contributions by support-
ing the efforts of other participants, are extremely limited. In fact, interviewees made no
mention of engaging volunteers in any aspect of the project other than data collection. The
primary reason for this, despite resource limitations and competing demands on staff time,
seems to be that more relatively low cost internal labor is available to Mountain Watch orga-
nizers compared to most other projects. These human resources are primarily hut naturalists
and interns, all of whom have more time to devote to learning how to do more complex and
interdependent tasks than would be expected of volunteers.
4.2.3 Mountain Watch Technologies
To support the scientific interests of the project organizers and the needs of participants,
several technologies are used in Mountain Watch. Mountain Watch contrasts sharply with
the other cases in the degree to which it relies upon paper data sheets, which are an important
technology for many field-based monitoring projects. With very few exceptions, paper is the
only practical approach for field-based data collection at this time, as will be seen in the
other cases. However, for most Mountain Watch contributors participation involves only
paper data sheets and very few individuals submit data online, while in the other cases data
submissions are exclusively or predominantly online. Climatic conditions mean that the
packaging of the data sheets in a plastic zip bag, while not only practical for inclusion of the
field guide and pencil (which cannot otherwise be assumed to be at hand), also protects the
paper from the inclement weather that is a nearly inevitable feature of visits to the Whites.
Paper data sheets and field guides are the most important tools for Mountain Watch
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participation. The reason is simple: bad weather is bad for electronics, and inclement con-
ditions are the norm rather than the exception in the Whites. Much of the evolution of
the project’s participation protocols, described later, is reflected in the data sheets. There
are multiple types of data sheets currently in use, which represent progressive refinements.
Custom field guides accompany the data sheets (shown in Figure 4.3) because most individ-
uals are unfamiliar with not only the monitoring plants, but also their phenophases. The
field guides, developed in collaboration with AMC’s Education department, contain color
photos and extensive details about how to make these identifications, which can be quite
nuanced. For example, as bunchberry develops, it has white outer leaves that appear to a
casual observer to be petals and therefore suggest that the plant is in bloom, but the plant’s
true blooms appear later, a tiny cluster of flowers at the center of these false petals.
The paper data sheets (see Figure 4.5) take several forms. Most are specific to the
location from which they are distributed so as to include maps and descriptions of the
nearest monitoring plot locations as well as the species that can be found there. There is
also a general version of the form without locations marked, and extra space for describing
monitoring locations. This is the version of the data sheet that predated the location-specific
data sheets, and is available at the AMC visitor centers and online for use in locations both
within and outside of the White Mountains. The online version of the data sheet does not
have a map of pre-specified plots, and volunteers were encouraged to draw or provide a map
for data submissions. As previously mentioned, the data sheets can be returned to AMC
facilities, which substantially improves the return rate because participants do not have to
go out of their way to submit data; these data are entered into the database by interns.
Online data entry is a relatively new feature of the Mountain Watch webpages, which
are integrated into the larger AMC website, maintaining the organizational brand. This
technology is not required to participate and was added after the project launched, unlike
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Figure 4.5: Mountain Watch data sheets with plot descriptions and map (top), a location-specific form (left),
and generic form for alpine locations (right).
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the other cases in this study which are fundamentally dependent on web-based systems and
required online data entry functionality from the very start. The development of online
data entry has been incremental, but permits participation from a wider range of forest
regions and mountain ranges outside of the Whites (e.g., the Catskill, Adirondack, and
Green Mountains). This broadens the potential contributor base and provides the capacity
to substantially increase the scale of participation. The online data entry form for Mountain
Watch observations (see Figure 4.6a), however, does not exactly match the paper data sheets;
it is logical in terms of the data entry itself, but the implications of variations between paper
and online data submission are unknown.
(a) The online data submission form for alpine plants. (b) The online account profile form.
Figure 4.6: The Mountain Watch online participation forms.
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The online data submission option has surfaced a notable difference in participant skills:
those who participate independently seem to put more effort into providing quality data
based on the completeness of the records and level of detail they provide with the observa-
tions. In the online account creation form, contributors are asked to describe their botanical
background, as a few participants are in fact professional botanists (Carex) (see Figure 4.6b).
Given the opportunity, the researchers would pay more attention to these individuals as a
method of filtering data for quality, but there is no such detail available for most partici-
pants. As other citizen science projects (including eBird) reported, asking contributors who
use the paper data sheets to provide more data in the moment would likely result in declin-
ing rates of participation or more incomplete data. Turning self-described experience into
usable data for profiling contributors according to skills and prior experience was considered
too difficult. Currently, organizers would have to manually classify individuals, but adding
a profile categorization option to the data sheet has been considered.
In addition to online data entry, organizers added a real-time map of phenology reports
in 2011. The public-facing map shows only recent “in flower” observations, but there are
numerous variables that logged-in users can adjust to view data (several such views are
shown in Figure 4.7), including viewing only their own data. The website also shows an
animated image of a diapensia plant moving through its phenophases. These features are
the extent of data access and interaction for website users, but the map is more advanced
and interactive than those available for most other citizen science projects, typically static
arrays of dots on a large-scale non-resizable map. The map view may be an adequate mode
of data access for many participants.
Despite the investment to produce a quality data visualization for participants—important
in its own right—the organizers reported that there is no convenient reporting; data can only
be retrieved through direct database queries and manipulated with other software. This was
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(a) Northeast regional observation map. (b) White Mountains observation map.
(c) Mt. Washington observation map. (d) Site-level observation map.
Figure 4.7: The Mountain Watch online interactive maps at several geographic resolution levels.
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likely due to a combination of factors, not the least of which is the ongoing refinement of
the participation protocol and variable data quality to date, which interfered in prioritizing
development of data reporting features.
In addition to these primary technologies, AMC researchers deployed “PhenoCams” in
2009 to collect data remotely; also known as plantcams, these digital cameras are made for
ongoing monitoring in outdoors environments (see Figure 4.8a), and grant funding permitted
expansion of the project in 2010. This technology investment was spurred by three factors:
rapidly decreasing costs and wide availability of remote camera technologies; potential for
verification of participant data reliability; and more importantly, the ability to do “off-
season” monitoring. Some of the phenological events of interest occur before the huts are
open for the full-service season (starting June 1) and weather conditions are typically so
severe through late spring that there is simply no one around to monitor the plants. Most
of the plantcams were located at established monitoring sites in 2011, so they also have the
potential to serve as a point of verification for citizen science observations that may appear
questionable. An additional benefit of the automatic data collection instruments shown in
Figure 4.8 are that they can be used by volunteers to identify monitoring plots that cannot
otherwise be marked, as they are located near trails.
An interesting application of the plantcam images has been the production of time-lapse
videos that show the progression of plant phenology for alpine and forest flower species. One
of these videos is a simple, brief demonstration of phenophase changes in diapensia, a partic-
ularly popular alpine flowering plant (http://www.youtube.com/watch?v=8UrOfkOufPE).
Another type of video, however, is targeted toward volunteer training and includes descrip-
tions of the phenophases for identification purposes. For example, bunchberry can be dif-
ficult for untrained volunteers to correctly identify flowering phases due to its false petals
(http://www.youtube.com/watch?v=S8ljPngzqog). These videos demonstrate the use of
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technologies that were initially deployed to extend the time range and verifiability of data
collection being used for outreach and education as well.
(a) A plantcam at a monitoring plot. (b) A HOBO R© data logger for air and soil data.
Figure 4.8: Automatic data collection instruments.
On the other hand, there are several challenges to using the photos, as they require
human analysis and the cameras can only be focused on a small patch of plants. AMC is
working with a group of researchers to explore the possibility of using a web-based game
as an approach to analyzing these photographs. This would add a new dimension to the
citizen science project, as it could serve as a type of online training for individuals who
participate in activities like organized alpine wildflower hikes or repeated monitoring, as
well as offering a solution for ongoing data processing in the future. It would also expand
participation opportunities beyond current geographic constraints and could engage a new
audience, extending the broader impact of the project. This partnership is one example of
the types of organizational and institutional arrangements discussed in the next section.
4.3 Organizing in Context
The organizational context in which Mountain Watch was developed has significantly
impacted the project’s evolution. Access to organizational resources such as those previ-
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ously described has helped maintain the project, despite a lack of consistent funding to
ensure sustainability. This form of organizational support substantially increased the reach
of project communications. In the broader organizational field, Mountain Watch organizers
coordinate with other mountain clubs in the region as well as a phenology monitoring net-
work, though these collaborative efforts are also limited by constraints on project leaders’
capacity. This section delves into themes associated with organizing the project, particularly
organizational embeddedness and the relationship of Mountain Watch to other members of
its organizational field.
4.3.1 Organizational Embeddedness
The concept of embeddedness typically refers to the degree to which individuals or firms
are entwined in a social network or organizational field (Granovetter, 1985; Putnam, 2001).
In this case, the term refers to the degree to which a project is entrenched in its organizational
or institutional context. The level of organizational embeddedness observed in Mountain
Watch was unique to this case.
Mountain Watch is the product of direct collaboration between the Education and Re-
search departments at the AMC. As an organizer explained, “we all got together and sat
down and talked about, how can we bring the work the research department does more into
our education outreach to our members? ... We decided it had to be something that really
is based in our science” (Geum 2011, 1107–1434). This is a good example of incorporating
education and outreach into a scientifically-focused project, which is a known best practice
for citizen science projects (Bonney et al., 2009).
Given the small size of the Research department in the organizational context (five in-
dividuals), the internal partnership has also extended the organizing skills that have been
brought to bear. This has been an advantageous arrangement, as it has influenced the de-
velopment of well designed materials that support participation and training that hut croo
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members received. The dual focus on science and education has also contributed to the
project’s sustainability from an organizational standpoint, which is discussed further later.
Although the project started off with the support of multiple departments within AMC,
organizers reported that it has taken a long time to take hold within the organization.
This was related to institutional commitment to supporting the project, the strong existing
cultural component of hut croos, and AMC’s traditions as a volunteer organization. “It took
us some years to get over certain institutional hurdles...it’s actually not easy. But we have
definitely gotten over that hurdle in our [New Hampshire] huts. Have we gotten over that
hurdle in others, like Maine Woods? No.” (Geum 2011, 12226–12671). The slow progression
of integration of the project into broader organizational activities and culture has been
effective in the White Mountain facilities (as discussed later), but surprisingly, involving
AMC’s wider volunteer base has been less successful: “AMC is a volunteer organization,
that’s what part of our mission is, that’s part of...how we’ve survived. But even to try to tap
into those volunteer resources has been really difficult internally” (Geum 2011, 16847–17081).
This situation is an outcome of existing traditions within the AMC, as well as competition
for volunteers as resources, an issue identified in other citizen science projects that are place-
based and embedded within institutions that have strong volunteer management norms, e.g.,
the National Park Service.
Although mission and organizational embeddedness provided advantages to Mountain
Watch, they also posed some constraints related to participation and scientific interests. “I
see it [the project] as restrained by our mission and our audience and that we are not trying
to do citizen science for citizen science. We’re trying to do something that is helpful to
our science department and our mission” (Geum 2011, 7072–7337). This quote identifies
a specific challenge related to the project’s ability to demonstrate the scientific outcomes
that would justify dedicated funding for the project. Achieving these outcomes have been
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complicated by the limited target audience: “We have hikers, we think that they can help
us. ... Of course they are our audience, I mean that’s who we [AMC] are. We can’t change
that. We can’t change who our audience is” (Geum 2011, 6601–6830).
The slow pace of integration and development of organizational support for Mountain
Watch and other citizen science projects in similar contexts seems to demonstrate a reluc-
tance to make an institutional commitment to long-term projects which have yet to demon-
strate strong scientific outcomes. Results often require more time to generate in monitorings
project than some other types. Other aspects of organizational embeddedness were the slow
but successful integration of the project into the hut croo culture, and the lack of dedicated
resources for project sustainability.
Hut Croo Culture
The culture of AMC hut croos could make an interesting study in itself. This program for
staffing the huts has been developed over 50 years, involves rigorous screening of candidates,
and has a number of strong traditions. These traditions include, for example, nighttime
raids to steal symbolic treasures from other huts, after-dinner skits and songs to inform and
entertain hut guests, and specialized slang for aspects of hut croo life (over 40 terms are
listed in a glossary of “Mount Vernacular” (Wivell, 2011).)
The traditions in this singular organizational subculture are slow to change: one orga-
nizer referred to the introduction of hut naturalists approximately ten years ago as a “new”
innovation. A project leader also commented on the lengthy process of integrating Mountain
Watch into hut croo activities: “it’s taken a couple of years, because it just takes a little
while to get the information to take hold in the huts. And then once it is, they’re good
about sort of, ‘oh yeah, we did that last year,’ and they’ll repeat it” (Cornus, 23083–23319).
With respect to the integration of Mountain Watch into the hut croo responsibilities,
the collaborative relationship between the Research and Education departments led to the
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addition of more intensive training for hut naturalists. All hut croo members receive some
limited natural history training so that they can answer basic questions. The hut naturalists
serve a special role with Mountain Watch by making regular phenology observations at
permanent plots near the huts and by incorporating Mountain Watch into their presentations
to hut guests. The importance of hut naturalists to the entrenchment of Mountain Watch
in hut activities was also linked to the current lack of Mountain Watch adoption in AMC’s
more recently established Maine Woods facilities, which have a smaller all-purpose croo and
fewer interpretive staff to directly communicate with participants about the project.
The role of hut naturalists makes a good example of successful efforts to embed Mountain
Watch into organizational processes and culture. The details of training for naturalists was
described by an organizer:
We have eight naturalists, one at each hut, and they go through what’s called
our Gala Training in the spring. So at that time, Carex, who is in the Research
department, comes up and talks to all of the naturalists, and shows them what’s
expected of them in terms of monitoring plots, shows them where the plots are.
... And then we have sort of a sample example of people giving a presentation
of...the way we introduce it to the guests that are visiting, so they have chance to
kind of see that in action. And then following that up, all of the hut croos go to
their individual sites, and Research again will follow up with a site visit to each
of those folks, to say ‘here are your sites.’ Then I follow up with ‘okay, where are
your packets, how are you introducing this to different people?’ I watch to see that
they’re doing that, give them feedback. (Cornus, 21770–22764)
This mode of incorporating Mountain Watch into hut croo training supports communication
and outreach that support ongoing participation by a constantly changing audience, as well
as data validation through their own data collection activities. Croo members also mentioned
the incentive of an ice cream party, a particularly prized reward due to the rarity of frozen
treats in the backcountry, for the croo that brings in the most Mountain Watch observations.
As the project evolved, additional support for the hut naturalists’ Mountain Watch out-
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reach has seen further development.
One of the things that we’ve learned is making sure they [naturalists] have a story
to tell...it’s less of a challenge for them. ... So if they wanted to focus in on what
Native Americans did with bluebead lily or whatever, they have...resources to build
the naturalist and education stories. ... You have to tell the story if you’re going
to engage the general public in this process. It’s not only good for the naturalists
who are promoting the program, but it makes it interesting for the guests who
volunteer. (Geum 2011, 24340–25168)
This example shows the ongoing development of the project and the organizers’ commitment
to promoting communication, awareness, and the personal interests of participants. Despite
the dedication of the staff who have developed and nurtured the project, the project still
suffers from similar resource constraints observed in other citizen science projects.
Dedicated Resources for Dedicated Staff
The primary resource constraint that prevents further development of Mountain Watch is
organizer capacity. Project leaders openly admitted to underestimating the effort required
to organize a citizen science project: “It’s a beautiful concept...but when it comes down
to implementation, I mean it’s just so much bigger than you would ever imagine when you
first come up with this great idea” (Geum 2011, 18395–19302). This frank statement on
the demands of organizing volunteer participation in scientific research is reflective of the
reported experiences of other citizen science project leaders more broadly.
The main organizational resource that the project draws upon is low-cost or sunk cost
labor. These human resources include the hut naturalists; a backcountry education assistant
who supervises naturalist programming and helps croo members work on their presentations;
and interns who enter data from paper data sheets into a database, process plantcam images,
and assemble kits of participation materials.
Financial resources that would support dedicated staff time, as opposed to the fragments
of time squeezed from individual staff schedules, present the biggest limitation on project
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growth.
In an ideal world, we could have a full-time person to do volunteer management,
as we do for our trail program. Unfortunately, we haven’t had the funding to
do that. So while we’ve learned some lessons about what works, we’re still fairly
understaffed...and that’s the consistent problem...with these types of programs.
Even if you get an initial grant that provides some funds, how do you keep things
going as that grant goes away? ... Our facilities provide us the benefit of...a trained
naturalist on staff that’s doing the monitoring and they can lead the guests to the
actual monitoring site and walk them through the materials, so they [hut guests]
are actually getting some direct initial training to gain confidence to go out and
do it on their own. (Geum 2009, 14653–15815)
The role of the hut naturalists, as previously mentioned, is a significant asset in addressing
the shortfalls in volunteer management with respect to communication and training.
The natural history presentations of Mountain Watch to hut guests represents an inter-
mediate approach between the dominant participation training strategies in citizen science,
which are usually entirely absent, minimal and self-guided, or else detailed and intensive. By
comparison to the other cases in this study and to most technology-mediated citizen science
projects, the training for Mountain Watch participants is substantially higher for contribu-
tors who are introduced to the project through hut naturalist presentations. Compared to
more established volunteer monitoring projects, however, the training for Mountain Watch
participants is very limited. The former research associate observed that “one of the things
about Mountain Watch is that of all the citizen science projects that I was researching for my
Masters, Mountain Watch had the least amount of training for their volunteers, I think by
far” (Clintonia, 51475–51957). More traditional volunteer management for long-term moni-
toring would involve careful training for volunteers and work to retain a committed core of
contributors, but this was not a realistic expectation for Mountain Watch: “We are locked
into our audience, and...I have no resources to hold a two-day training, or even recruit those
[local] volunteers to get them to that training” (Geum 2011, 16037–16391).
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Although resource constraints were an issue for Mountain Watch, as with most citizen
science projects, the issue of long-term sustainability was rarely raised by interviewees. This
is likely because the project has additional value beyond the scientific interests, and the
educational value of the project also dovetails with organizational mission. In this respect,
Mountain Watch’s organizational context is similar to eBird. The match of project activities
and potential outcomes to mission meant that in both cases, some degree of organizational
commitment to the concept kept the project going through difficult initial years. Mountain
Watch was organized by the Research department, so AMC’s needs for a scientific basis
for conservation linked the project even more closely to the organizational mission. In
addition, the project goals also appear to be well aligned with the personal interests of the
individuals and communities that participate in the project. Despite the apparent alignment
and potential appeal, the match of hikers’ skills and interests to the participation activities
have implications for scientific outcomes, a topic discussed in later sections.
4.3.2 Leadership in the Organizational Field
Mountain Watch has demonstrated leadership in its organizational field through partner-
ships with citizen science phenology monitoring projects, which are a fairly recent develop-
ment in the U.S. The project’s interactions with its organizational field have been focused in
two areas: enlisting the support of other mountain and trail organizations, and participating
in the development of national and regional phenology monitoring networks.
Mountain Watch organizers have worked with other membership- and volunteer-based
mountain clubs and trail groups to expand Mountain Watch monitoring throughout the
Northeast region. In particular, the project leaders were successful in enlisting contributors
from the Green Mountain Club, Baxter State Park (the second-largest alpine area in the re-
gion), and members of the Adirondack Mountain Club (ADK) through their Alpine Steward
program. The ADK, which incidentally shares the same mission focus on conservation, edu-
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cation, and recreation as the AMC, was involved in scientifically-rigorous monitoring, which
was seen as an entry point to broader outreach to and adoption by the ADK membership:
Adirondack Mountain Club is doing permanent plots versus more general plots. ...
They’re contributing as a club to sort of the real high-end data set with permanent
plots, which is great. The next step is to get them to utilize the materials to
promote with their own outreach to other hikers. (Geum 2009, 21263–21790)
These relationships provided opportunity to expand monitoring to other alpine zones outside
of the White Mountains, as well as the forest flower monitoring, to collect comparison data
for climate change effects at different elevations and locations.
The Mountain Watch organizers’ participation in phenology monitoring networks has
been more altruistic than self-serving. They receive relatively little direct benefit, but have
provided advice and guidance based on their years of experience in running a location-
based phenology monitoring project. They have also worked toward sharing data with
the USA National Phenology Network (USA-NPN) and the Northeast Regional Phenology
Network. This posed some challenges when it came to integrating AMC’s existing phenology
monitoring program into a newly-formed network due to the variations between monitoring
protocols, which has a substantial impact on the comparability and long-term interoperability
of the data. Nonetheless, the project organizers have remained involved in the development
of these networks out of commitment to supporting phenology research on a larger scale.
The primary impact of these partnerships on Mountain Watch has been ensuring that the
phenophases being monitored in each network are suitably aligned:
We’ve made sure that...our phenophases are integrated enough that we can share
information. ... What I’m unsure about is how integrated our two programs will
become in the future. ... Where we can, we’ve coordinated on protocols and so we
can still have that data exchange. (Geum 2009, 7717–8658)
Full integration of Mountain Watch with other projects in the broader network-based efforts
seems unlikely, particularly because AMC’s project has addressed a need for monitoring in
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areas that are not prioritized by other groups. The project organizers saw Mountain Watch
playing a valuable role with respect to the USA-NPN and other organizations partnering
in phenology networks: “we’re still filling a niche that they are not going to get to, which
is trailside and mountains” (Geum 2011, 19514–19657). This potential for an unmatched
contribution to regional phenology monitoring efforts has been another argument in favor
of continued organizational support for the project despite current uncertainty over the
scientific usefulness of volunteer-generated data.
An additional outcome of integrating Mountain Watch with the developing regional phe-
nology network was to establish enough uniformity not only for data exchange, but also for
developing an identity and familiarity for participants:
I think it would be useful to have some identity to it, so that people understood
that these are all partners in one big effort. ... If they [AMC members] go to a
National Park and they participate there and they see AMC’s a partner, and then
they come to an AMC facility and it’s similar enough that it’s not a completely
different experience. ... I would like to see enough consistency so that people see
the connection between the programs. (Geum 2009, 26898–28453)
The desire to develop a stronger interorganizational identity around citizen science phenol-
ogy monitoring indicated an awareness on the part of organizers that hikers seek out special
places that cross many boundaries, both geographical and organizational. Creating part-
nerships across these boundaries is perceived to have potential for increased participation,
and the additional prospect of increased data quality based on the common assumption is
that repeated participation will increase skills and thereby data quality. The next section
discusses the implications of these organizational characteristics for the scientific work of
Mountain Watch.
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4.4 Climate Science for Conservation
The primary goal of Mountain Watch has always been to generate data for scientific
research that can inform AMC’s conservation efforts. The citizen science approach was
taken because it was not feasible for individual researchers to accomplish the data collection
required for this type of research. As a result, another distinguishing feature of Mountain
Watch is explicit integration with conventional scientific research.
The AMC research staff described their efforts to monitor climate change in the alpine
region as a multi-faceted approach; the phenology citizen science project is only one compo-
nent of the larger effort. Soil and air temperature monitoring have permitted the scientists
to develop models for alpine species to better understand how factors like temperature, el-
evation, and latitude affect the plants. The phenology project fits into this research by
complementing the automatically logged air and soil data with observations of the changes
to nearby plants. The scientists are also taking multiple approaches to collecting phenology
data. The focus of these interconnected research projects is on alpine plant conservation,
guided by AMC’s purpose and shaped by the characteristics of the mountains.
This section discusses several aspects of the scientific research, particularly the organizers’
rigorous research-based approach to revising the participation protocol, and the multiple
layers of data collection employed to address a variety of research challenges.
4.4.1 Science and Participation: Rigor and Revisions
For many citizen science projects, initial scientific and participation design decisions often
need to be changed after the project launches. As a Mountain Watch organizer reflected, “you
almost really have to be a scientist in citizen science to understand what you’re getting into”
(Geum 2011, 13602–13704). This sometimes lengthy revision process was clearly an aspect
of organizing a citizen science project that these organizers—and many of their peers—did
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not anticipate.
Mountain Watch has implemented multiple revisions since it was initiated. The primary
concern that these changes have addressed was the ability of hikers to follow the participation
process well enough to generate data of adequate quality for the scientific interests. Although
there is no dedicated ongoing funding, the organizational commitment to the scientific goals
and educational value of citizen science have allowed the organizers to progressively address
concerns about data quality. According to an organizer:
There are still a lot of issues with volunteer data, but I think that AMC is kinda
committed to working through that, and figuring out what they can do to make
their data better. They’re not just willing to settle on this trope that the more
data we have the better, it doesn’t matter what the quality is, if we have like
enough data, it will even itself out. (Clintonia, 45191–45644)
This is essentially the opposite position from the approach that eBird has taken by focusing
on the power of large-scale data to overcome error. The very different geographic scale and
audiences of these two projects suggest that it is not realistic to expect that Mountain Watch
could achieve the same type of results with respect to the volume of data, which justifies a
focus on improving data quality over quantity, a topic that will be discussed later in this
section.
Data quality is particularly important to Mountain Watch because it is required to address
the project’s explicit research questions, the investigation of which preceded the citizen
science project component. Creating a participation protocol that can achieve these goals
required several adjustments:
We would like to remain science driven, we have a lot of education staff that have
helped us dumb down some of the stuff. But you know, when we first came at this
as scientists, we definitely had a different approach, and they helped us move it
more towards something that is more palatable for a citizen. (Geum 2011, 14773–
15213)
The partnership between the Research and Education departments has therefore supported
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not only communication, participation, and organizing, but also provided non-researcher
insights into how to modify conventional monitoring research designs to make them suitable
for members of the public.
For example, the organizers eventually realized that even the phenophases required sim-
plification:
We’ve had to modify our broader citizen data collection, that’s where we came up
with before flowering, flowering, and after flowering, because you know, we went
through a couple iterations, and then that was as much as ...they could handle that
we could get good data out of. So ...we kinda came around to the fact that if we’re
going to engage that broader, less botanically-knowledgeable membership of ours
that we really want to engage, it has to be simplified. (Geum 2009, 22158–22877)
In addition to changes that simplified the phenophases into more easily observed stages, later
modifications to the protocol included expansion of the phenophases to cover the fruiting
stages of development as well as flowering. The duration of the hiking season is longer than
the flowering stages, so this change permitted participation by a larger number of individuals,
while also providing additional research data.
As with many monitoring projects, the process of refining the protocol has taken substan-
tially longer than organizers had foreseen: “I feel like we’re getting close to a sort of finalizing
our protocols, which you wouldn’t think it would take five years” (Geum 2011, 4980–5119).
The time required to make these revisions was considered a function of the resources available
for organizing the project. Mountain Watch is a multifaceted research project incorporating
conventional science and citizen science, and the funding for coordination and materials to
support the citizen science portion is most limited.
This is...why our program has taken so long to evolve, is because we never had from
the get go, some real significant resources, at least at the time when we learned
so much. You know, it’s like we had an initial $50,000 [for the entire project]...it
doesn’t even seem like it was that much. It did not go far and it was in the
beginning before we really knew a lot. So I would’ve spent that money completely
differently, had I known what I know now. (Geum 2011, 17149–17981)
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This quote not only makes a point about the influence of resources on scientific outcomes, but
also demonstrates that the knowledge resources to design a successful project were lacking,
a complaint also raised by the Great Sunflower Project. Mountain Watch similarly shows
that developing a successful project requires a more substantial initial commitment in terms
of startup funding than is available to most citizen science projects.
Despite these constraints, the Mountain Watch organizers persevered, driven by their
commitment to doing research that was considered important both scientifically and with
respect to mission, but that also required involving non-scientists. With a scientific research
mindset, the project organizers set about determining the changes needed based on rigorous
scientific research, complete with statistical analyses that demonstrated conclusively that
there were several problems related to task complexity. The participation process, while
relatively straightforward in description, involves a number of steps and relies on strong ob-
servational skills. The task of finding a location, which one might presume to be a natural
skill for hikers who navigate wilderness trails, is remarkably challenging when visual cues are
limited or spatial judgment is required. In addition, identification tasks of any type are a
known data quality issue for many citizen science projects, as reliability is often questioned
when most participants cannot be expected to have a strong background in species iden-
tification (birders are a notable exception.) These specific concerns are also addressed in
further detail later in this section.
Developing a viable protocol required substantial human resource investment, however,
including a full season for a research associate to investigate data quality. While AMC is
fortunate to have a good supply of individuals capable of this type of work, justifying and
acquiring funding to make such a rigorous study of the participation protocols and their
impacts on scientific outcomes was a challenge. Nonetheless, this approach to project devel-
opment was representative of a substantial commitment to the long-term goals of the project.
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The remainder of this section addresses the organizers’ choice to emphasize data quality over
quantity, issues related to geographic and botanical knowledge that were identified as key
issues with participant data quality, and the resulting changes to the data sheets.
Quality Over Quantity
The organizers’ decisions to focus on improving data quality before addressing quantity
were motivated by multiple considerations. The question of whether a large enough data set
can offset error has not yet been answered:
Is the error so big that it’s giving you misinformation, or is it the whole principle
of...crowdsourcing a lot of information, will it [error] be reduced enough so that
you can still make sense of it? ... I think we’ll be going at it as, how well did they
do, when we told them where they [the monitoring plots] were, we told them which
plants they’ll see? (Geum 2011, 38617–39058)
Given this uncertainty, refining procedures for optimum quality was a sensible first step. Over
time, the Mountain Watch organizers have pinpointed the issues of geographic and botanical
knowledge (discussed shortly) as their primary concerns with respect to data quality, and
have developed strategies to evaluate the effectiveness of changes to the monitoring protocol.
Temporality also plays a role in these approaches to improving data quality. In general,
the design of phenology research requires longitudinal data, which means that spending
time perfecting the protocol is a worthwhile investment in the long run: “all of our sort of
missteps and our learning processes along the way are valuable in the sense that we should
ultimately be able to get really high quality data from most of the participants” (Ledum,
20911–21759). The seasonal nature of participation and the environmental conditions in
the White Mountains also influence data quality, as participation during the early stages of
plant development are limited. These challenges were mitigated by the addition of automated
monitoring in 2010, a later topic of discussion.
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When it comes to research results and scientific outcomes, the work generated by Moun-
tain Watch researchers for presentation at scholarly meetings has focused on the design and
refinement of the participation processes. This is a direct result of constraints on project or-
ganizers and also represents a valuable contribution, but the intended scientific results have
been limited. Nonetheless, preliminary results from the larger research project into which
Mountain Watch is integrated have been interesting:
Our research has shown that the top of Mount Washington, the alpine areas in the
Northeast, actually aren’t seeing the same strength in warming, or the same rate
in warming that the region is, and so...it’s even more important to get the lower
elevation observations. (Geum 2011, 11233–11572)
These observations have motivated further development of forest flower monitoring protocols
to complement the more established alpine phenology research. As yet, resource constraints
have prevented further outreach to develop more participation in these lower elevation pro-
tocols.
Like other citizen science projects, an economic argument has to be made to sustain
Mountain Watch as a research project. One Mountain Watch organizer explained the focus
on data quality in terms of return on investment: “ if we’re giving out thousands [of kits] a
season, those costs do add up. ... That’s another reason to make sure the data that we’re
going to get is viable, so that...we’re getting our money’s worth” (Ledum, 28122–28388). This
sentiment has been echoed by organizers of other projects set in institutional environments
where a bottom-line judgment on whether to continue supporting a citizen science project is
dependent upon the scientific value of the data generated by participants. The question of
whether resources going into a project are paying off poses pernicious challenges to projects
for which scientific outcomes are the primary goal. This seems to be particularly true for
seasonal projects, which may require substantially more time to craft a usable protocol.
For Mountain Watch, the two major complications for improving data quality have been
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participants’ botanical knowledge (or rather, lack thereof) and their skills in identifying and
describing geographic locations, discussed next.
Participant Skills: Location Identification
Compared to the other cases in this study, higher precision of locations for monitoring
was of greater importance for Mountain Watch because of the research requirements for
repeated observations and geographic covariates such as elevation, aspect, and slope. Prior
to 2010, monitoring was permitted anywhere along trails in the Whites, and participants
were provided with space on the data sheet to describe their location. The degree to which
hikers were able to provide a precise description of their location was widely variable:
We had three categories of geography. There is the best guess category, which
was the really bad descriptions...the general locations, so that was a little bit more
precise, and then the precise locations. So the precise locations were always at
trail junctions and summits. There just weren’t any descriptions that were precise
enough to find on the map again without those kinds of landmarks. (Clintonia,
9705–10251)
Location precision was linked to multiple participant skills or skill deficits, primarily descrip-
tive skills and ability to locate themselves in physical space, or willingness to devote attention
to these tasks. While it would have been possible for participants to record GPS coordinates
for their chosen monitoring locations, none of the organizers mentioned this occurring and
there are numerous reasons hikers would choose not to use GPS devices. From a scientific
standpoint, the lack of precision influenced not only the ability to do expert checking on the
presence of the plants reported upon at these locations, but also the scientific utility of the
data.
Verifying participants’ ability to identify plants was dependent on the ability of organiz-
ers to return to the locations for which data were reported. This one-time verification was
important because it provided calibration data for evaluating consistency of plant identifi-
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cation across participants and over time, and also helped identify appropriate locations for
establishing permanent monitoring sites. The expert check for the presence of monitoring
plants at observation locations could have been an easy task, were the locations adequately
described. This is due in part to the influence of the alpine environment on the plants:
All of the alpine plants up there are very slow growing perennials, so it’s not likely
that a volunteer in 2006 would see a Labrador tea, and then I came through in
the summer of 2009, and that Labrador tea had now disappeared. Or they didn’t
see a Labrador tea, and that Labrador tea grew up [since their visit]. (Clintonia,
14578–15021)
The issues with geographic precision were discovered during an early step in the process of
verifying plant identification accuracy. The research assistant followed a painstaking process
to acquire baseline data for this analysis:
I went to all of...the trail junctions from Madison Hut to Mizpah Hut, and at each
of those locations, I recorded the abundance and the presence of our six Mountain
Watch species. And then also, I have a running list of species that were mistaken
for Mountain Watch species. I built that list off of hiking with my friends, and
sometimes...I’d follow people as they did the Mountain Watch program outside of
the huts, and kind of catch where they were confusing things. (Clintonia, 10365–
11474)
The researchers applied the knowledge gained from this stage of evaluation to the assessment
of participants’ ability to identify the monitoring plants, discussed next.
Participant Skills: Botanical Knowledge
As a researcher noted, the alpine zone is a foreign environment, even for people who know
plants (Carex). There are a number of points of confusion for non-botanists attempting to
identify unfamiliar species. For example, the flowers are of tiny and difficult to see without
close inspection: the blooms on a Mountain cranberry (Vaccinium vitis-idaea, also known as
lingonberry) are only 3–8 millimeters long and often obscured by its leaves.
The organizers were well aware that plant identification was likely a problem for some
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participants. As scientists with botanical training, however, the researchers needed to better
understand the nature of the identification challenges for untrained individuals. A researcher
observed non-experts in the field as they attempted to identify plants:
I took some of my friends out [on the trail] who weren’t botanists, and kind of
watched them process the identification. ... But it was definitely much different
than I expected. ... I was looking at things from a very taxonomic perspective,
like recognizing what family an unknown flower was in before kind of going into
the guidebook, whereas my friends were looking at the color of the petals, and the
shape of the leaves, and...it was probably what I should’ve expected, but it wasn’t
how I was seeing things at all. (Clintonia, 5314–6400)
Observation of non-botanists demonstrated that the challenges participants experienced with
plant identification were multi-faceted.
The plants selected for monitoring were chosen to minimize confusion with identifications
while also providing good phenological indicator species. Researchers found that several
plants were still frequently confused with Mountain Watch monitoring species. For example,
diapensia and alpine azalea were sometimes difficult to distinguish (Figure 4.9): “when they
were in bloom, they were hard to confuse because the azalea was pink and the diapensia
was white. But the leaves look very similar when it wasn’t in bloom. ... Anything grass-like
could be confused for a Bigelow’s sedge” (Clintonia, 11552–12417). While individuals who
participated in the alpine wildflower program learned that “sedges have edges and rushes are
round, but grasses are hollow down to the ground,” most hikers never hear this mnemonic.
During participant observation, it took most of the Lodge-to-Hut adventure group members
several attempts at identification before they could consistently distinguish between Deer’s
hair sedge and Bigelow’s sedge, even after carefully attending to naturalists’ descriptions
and explanations.
The researchers also reported that without additional reinforcement of the full set of
species to monitor, observations were skewed toward more common or familiar flowers, lead-
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(a) Diapensia with red stalks indicating the “after flower-
ing” phenophase.
(b) Alpine azalea with pink blooms indicating the “in flow-
ering” phenophase.
Figure 4.9: Commonly confused alpine pincushion plants.
ing to bias in the resulting data set.
We found that when it was a really open ended on what [species] you are looking
for, people would gravitate towards the really charismatic species, which in the
White Mountains is diapensia. I knew from my experience working in the huts
that diapensia was this all-star species that was used as an example constantly by
the hut croo members. So you would have these kind of skits, in which diapensia
was a character...songs in which people, the hut croo would specifically sing about
how you shouldn’t walk on the diapensia. So people would go out with...these
diapensia-tinted glasses, and they’d see it everywhere and kind of pass over the
least well-known species, and hone in on diapensia or anything that looks remotely
like diapensia. (Clintonia, 320170-33773)
While this example highlights another issue with respect to bias and data quality, it also
demonstrates that hut naturalist presentations had a positive effect on participant familiarity
with alpine species and served as introductory training that enhanced contributors’ ability
to accurately identify plants. The slow-growing nature of alpine plants, as mentioned above
as an asset to data verifiability, is another reason that hut croos made a point to tell hut
guests not to step on the diapensia.
The data collected from these systematic studies were combined with observations sub-
mitted in the prior three years. The analysis evaluated several factors, such as self-reported
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certainty levels, that might contribute to accurate plant identification:
When we ran the analysis, it actually didn’t matter how certain someone was.
There just wasn’t a statistically significant relationship between certainty of iden-
tification and a correct identification. ... We found that there is no significant
relationship between flowering and identification. ... [If] something is flowering,
they’re more certain that they’re getting it right, but they aren’t necessarily getting
it right. (Clintonia, 12462–17365).
This was a disheartening discovery for the organizers, who had hoped that participant’s
reported certainty would be a usable indicator of data quality. The fact that plants having
flowers was also inadequate to predict an accurate identification was even more surprising.
These analyses provided substantial food for thought for the organizers, who began re-
thinking the participation protocols from a different perspective.
That’s when we started having the talks about well, what are we actually asking
them to do? We’re asking them to do a bunch of kind of difficult tasks for someone
who hasn’t spent time in the alpine zone. ... We’re asking them to find out where
they are, to identify six flowers from what looks like hundreds of different things
in front of them. ... And then we’re asking them to do phenophases, which is
probably a word they haven’t heard before. (Clintonia, 43007–433943)
This careful data quality evaluation led to another pilot study to determine the value of
redesigning the data sheets.
Science and Participation: Data Sheets Revisited and Revised
The location and identification issues that were highlighted in the prior sections led Moun-
tain Watch organizers to revise the instruments used to record observations in the field.
The primary changes to the data sheet were threefold. They started with the shift from
open-ended locations to specific monitoring plots with a map and detailed descriptions for
reference, plus space for self-selected locations as well. Other modifications were including
lists of the known monitoring species occurring at each of the plots, and a checkbox to indi-
cate whether the contributor had participated in a naturalist program which is intended for
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future evaluation of the effects of introductory training on data quality. These changes can
be seen in Figure 4.5, in which the data sheet on the right is representative of the 2009–2010
data sheets, and the left and top data sheets show the revisions made for 2011.
These revisions were tested with a pilot project in 2010 to verify that they could improve
overall data quality:
The pilot study [was] looking at if the new data sheets actually did work, and we
were able to show people hiking from Mizpah [Spring Hut] to Lakes [of the Clouds
Hut] were providing better data than the people hiking from Lakes to Mizpah
because the people from Mizpah to Lakes had the new data sheet, and were going
to specific places. And the people hiking from the other direction but on the same
trail, they just didn’t have the focus, and their data was kind of all over the place.
(Clintonia, 43944–44516)
Systematic and usability-focused evaluation of a data sheet is an established practice in
volunteer monitoring projects, but is more likely to be based on heuristics than research
results. This experimental design for evaluation of data quality paid off with certainty of
the benefits of making further changes. The statistical analyses previously discussed also
represent a more rigorous approach to appraisal of the data collection instrument than was
encountered with other citizen science projects in the broader organizational field.
4.4.2 Multiple Layers of Data Collection
Another approach that organizers took to help ensure scientific data quality was the in-
tegration of the citizen science project with conventional scientific research and the use of
complementary technologies. The project organizers have implemented three different meth-
ods to capture data about phenophases: citizen science volunteers (including hut guests,
Adopt-A-Peak volunteers, and independent participants), trained hut naturalists, and auto-
mated data collection using plantcams. These data sources also complemented ongoing data
collection by research scientists of soil and air temperature, as some of the plots at which
automated data collection occurs were also designated as Mountain Watch observation sites.
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Human Observation
Direct observation by humans is considered ideal, as the data require relatively little
additional processing and can be directly entered into research databases by organizers or
participants. Mountain Watch has leveraged two different groups to provide this type of
data: volunteers and hut naturalists.
Volunteers’ data is considered most subject to error due to the lack of training and partic-
ipant skill evaluation, which were outside of the project organizers’ capacity to implement.
In addition, because the project is conducted on USFS land, regulations restricting visi-
tor studies make it impractical to survey volunteers to learn about their prior experiences
with botany and knowledge of alpine plants. Therefore, the knowledge that hikers bring to
Mountain Watch participation was largely unknown and undiscoverable, which exacerbated
concerns about data quality.
After years of gradual revisions to the participation protocol and data sheet, organizers
felt that the 2011 version of Mountain Watch was very promising for producing good results.
Nonetheless, doubt remained as to the scientific value of volunteer-based observations given
the need for a fairly complex protocol:
If we can’t get it [usable data] out of this year, then we will really start to question
whether volunteers can get us what we need. I say it’s going to work for the science;
well, what’s working for the science is that we have the permanent plots which the
naturalists are running. (Geum 2011, 37405–37732)
Even should the volunteer-contributed data prove to be of little value, several of the organiz-
ers believed that the project was likely to continue in some fashion due to the mission-based
value for education and outreach.
The hut naturalist observation, however, is likely to continue in the long term. This is in
part because hut naturalists are a guaranteed resource, making observations takes relatively
little time, the naturalists are trained by research staff in how to make reliable observations,
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and these croo members have time specifically earmarked for these responsibilities. Hut
naturalists may seem like the ideal solution to challenges with engaging hikers in Mountain
Watch, but there are limits to the data that can be collected by these individuals alone.
Hikers can augment hut naturalist observations with additional monitoring locations, greater
aggregated frequency of observations, and opportunities for triangulation of responses.
The observation protocol for hut naturalists varied slightly from the expectations for hik-
ers, although the data they collect were aligned with that requested of volunteers. Although
the hut naturalists were expected to provide more reliable observations than casual partici-
pants, an organizer noted a caveat with respect to the skills of the croo members: “A lot of
them are not trained in botanical science. Most of them are scientists...but that sometimes
can be the biggest challenge, is getting them to think...of being accountable to do that [sci-
entific observations]” (Cornus, 23741–24040). Despite these concerns, the higher likelihood
of better quality data from leveraging the long-term resources represented by hut naturalists
provided organizers with some certainty that with time, the Mountain Watch research goals
may be met.
At the same time, an example highlighted the nature of these potential problems with
confounds introduced by hut naturalists leading groups to make observations:
It just didn’t make sense, because people were finding Mountain avens there, and
there are no Mountain avens anywhere near there, and there’s nothing that looks
like a Mountain aven near there. ... [The hut naturalist] had been taking people to
a site to do Mountain Watch observation...except that he had misled them about
where...so they were writing down that their site was N10, but where they were
was not N10, it was in a place that had Mountain avens. So they were collecting
data, and they were doing a good job of it, but it showed up as being bad data
in our analysis because the location was wrong, so we assumed that they had just
misidentified something else as Mountain avens. (Clintonia, 49353–50817)
In this situation, the aberrant data were self-evident, the naturalist could be contacted to
clarify the issue, and the data could be saved. Had this not been the case, however, a lot of
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data would have been lost. Further, were the anomalies in the data less obvious, e.g., if the
species reported upon were those expected for an incorrectly identified location, the issue
would have gone unnoticed and introduced a less detectable form of error. To help control for
this—and address several other monitoring issues—automated data collection technologies
have also been introduced to complement human observation.
Complementary Technologies
As mentioned in prior discussion, the installation of plantcams served multiple purposes.
In addition to providing observational data for the early and late portions of the growing
season when there are few humans available to monitor plants, they also provided material
for outreach through time-lapse videos, and have the potential for application to verifying
volunteer-contributed data. For example, if “someone was there on the dates when the
camera took a picture and is just starting to bud, and they are telling us it’s in fruit, you
know that your data is no good” (Ledum, 33453–33619). Actually comparing plantcam
data to hikers’ observations, however, is a more complex undertaking than it might initially
appear.
The processes of implementing plantcam monitoring also required substantial effort to
pilot. Organizers learned that the conditions about 4,000’ were too windy for the provided
mounting hardware, and improvised with accessories made for motorcycles. They installed
the cameras in numerous positions and angles to evaluate the best positioning, honed a
checklist of procedures for the tricky process of downloading data, and tested the plantcams
in a freezer to verify that they would operate on Mt. Washington. They also found that
hikers were stealing memory cards until the devices were zip-tied shut. After working out
these issues, however, the initial funding to continue this portion of the monitoring had
run out. After 2010, no additional human effort could be devoted to analyzing the large
volume of data produced by four images recorded daily by forty plantcams, so the number
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of plantcams was reduced for 2011.
Processing image data from plantcams for this type of phenology monitoring requires
human effort. This is a common focus for analysis-oriented citizen science, such as the
Zooniverse family of projects, but requires customized technological infrastructure that is
not readily available to most citizen science projects and too costly to customize to their
purposes. The initial exploration year involved an intern to manage implementation and
another intern laboriously classified the phenophases present for each species in the images,
creating a large expert reference data set. Through collaboration with information science
researchers, the Mountain Watch data will be tested in a game format to evaluate whether
online contributors can adequately perform this step of data preparation.
Should these approaches prove fruitful, organizers identified alternate ways to record
observations that would rely more heavily on technology integration: “I think as more and
more people are sort of computer savvy and leaving the pen and paper behind...just taking a
picture and being able to go back later and enter the data” (Ledum, 7653–7929). Combined
with crowdsourced data analysis online, this approach could simplify the participation tasks
to a degree that would allow considerably expansion of participation. Taking a photo of
wildflowers is easy and enjoyable. Asking hikers to share their photos with researchers would
also mitigate the sense that participation requires extra work on the part of contributors.
After all, the hikers are on vacation.
4.5 Volunteers on Vacation
Hikers visit the White Mountains when they are on vacation. Unlike the participants in
the other cases, this is a special limited-time event for them, and most people do not want to
work during their vacations. The environment around them is a distraction from Mountain
Watch participation tasks at all times; the challenges of the rugged terrain and breathtaking
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views could make anyone forget to stop and smell the diapensia. This section discusses
the characteristics of the typical participants in Mountain Watch and the implications of
this for participation and organizing. In particular, the nature of this place-based activity
combined with hikers’ short-term visits means that the project experiences constant churn of
contributors, which organizers have attempted to combat through pervasive communication
about the project. Whether or not these efforts succeed in producing scientifically useful
data, AMC organizers hoped that hikers would take the message home with them in the
form of individual development of personal interests, awareness, and education.
4.5.1 Hikers
Experienced hikers are typically attuned to environmental issues that impact the places
they hike, in much the same way that birders care about bird conservation. If care is not
taken to minimize the environmental impact of both trekking through fragile landscapes and
everyday lifestyle choices, they will lose these special places. Hikers are drawn to the beauty
and challenges of the White Mountains, traversing difficult trails, encountering new flora and
fauna, and seeking out new experiences in the clouds. In fact, it was the expressed interest
of hut guests in seeing blooming wildflowers that suggested to organizers that hikers might
make good citizen scientists because every year, AMC gets calls from people asking when
the wildflowers will bloom.
Most hikers encountered on the trails in the Presidentials were white, relatively young,
physically fit, energetic, adventurous, and excited to be in the mountains. Observation
suggested that most individuals are of middle to upper class socioeconomic status, well
educated, and environmentally aware, but because AMC is not allowed to survey visitors
on federally-managed lands, Mountain Watch’s true participant demographics are unknown.
Many hikers visiting the AMC huts are part of the larger network of AMC members, and
some are members of other regional trail groups and local hiking clubs as well. This means
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that hikers participating in Mountain Watch could potentially spread the word to individuals
with similar interests in their personal networks, although there is little evidence as yet that
this has occurred.
The more youthful demographic of hut guests than those of most volunteer groups has
potential implications for the use of information technologies to support Mountain Watch.
While not the primary mode of contribution at this time, online data submission may be
substantially less of a challenge for Mountain Watch participants than the Great Sunflower
Project’s contributors. Organizers across projects had consistently reported that older in-
dividuals experienced greater difficulty with online data entry, so variation in participants’
comfort using web-based data forms may be affected by generational differences in the over-
all participant population composition. Another organizer mentioned further incorporating
mobile devices into Mountain Watch monitoring as a way to expand participation:
For this next generation that is so computer and Internet savvy, quite frankly, I
think we need to be thinking now about maybe incorporating...these devices that
people are going to bring into the woods. You know, it’s nice that we want to
think we leave all that stuff behind, but the reality is, kids these days are bringing
all this stuff into the woods. (Ledum, 25143–25532)
This sentiment was echoed by another interviewee, who noted the potential for far greater
accuracy in data collection by virtue of automatic recording of GPS locations and photo-
graphic evidence. This organizer also expected, however, that funding for creating this sort
of a mobile application would be difficult to secure.
Since Mountain Watch participants are mostly hut guests, there are thousands of poten-
tial contributors annually. Only a small portion of these actually participate, which is similar
to most citizen science projects but seems to have a stronger impact on a geographically-
bounded project. In general, most hikers know less about alpine wildflowers and their phe-
nology than participants in the other cases in this study did about the domain of the project
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in which they participate. This produces a particularly challenging situation for organizers:
We have hit a wall really. ... [Hikers] are not birders, they’re not so passionate...and
need a place to channel their passion. These are people on vacation that we’re
trying to rope into doing something. ... Yet we do have a subset that is interested
in conservation...and we also have a subset that are plant people. But it’s a small
subset. ... We thought we had a much bigger audience than we really have. We’ve
kind of come to grips with the fact that our audience is challenging. (Geum 2011,
8047–8988)
As previously discussed, the Mountain Watch organizers have pinpointed several concerns
with the observation and identification skills of hikers, but are essentially locked in to work-
ing with this population for their alpine plant monitoring. Accordingly, the organizers have
focused primarily on simplifying the protocol, ongoing outreach, and communicating the
alignment of project activities with hikers’ personal interests: “for folks to really become
engaged and stay engaged, it has to have real meaning to them in their lives and in their
backyards and in their interests” (Geum 2009, 9015–9172.) Making a real-world connec-
tion between citizen science participation and personal interests is a known best practice,
recommended based on the belief that more personally meaningful participation experiences
produce higher quality data and greater commitment to ongoing participation (Bonney et al.,
2009).
Hikers seem generally receptive to this message. Like the participants in the other cases,
doing something to address larger environmental issues was perceived as meaningful to many
of them. As one organizer who is in frequent contact with hikers and hut guests explained,
Sometimes these global problems seem so large that it’s [citizen science] a local
way of getting involved in a global problem, and you know, a lot of folks that come
to these mountains do have a real connection to these mountains. They come back
here regularly, whether it’s yearly or bringing their kids back to the same places
they went to. So to feel like they can do something to help out and to protect
and...get a handle on what is actually happening up here in the mountains, it’s
valuable. (Ledum, 3053–4376)
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This alignment of personal interests with mission has shown results for other citizen science
projects discussed in this study, but it is not clear whether this is true for hikers. In this case,
the hikers may care more about the landscape as a whole than the individual elements of
the place, while participants in the other projects in this study frequently have a particular
affinity for the specific organisms that they observe.
Although one organizer asserted that hikers are unlike birders with respect to their passion
for the activities involved in monitoring projects, another organizer (who is incidentally
also a birder) reported observing a direct parallel with plant-loving individuals who fit the
description of listers in a general sense: “I think...people are collectors. So [they like] to collect
these species, and then be able to report on them” (Ledum, 9869–10079). An organizer of
a project that monitors butterflies and moths reported the same experience with citizen
science participants: there are some people who simply enjoy making lists, keeping records,
and tracking the species they have encountered. The primary differences across these taxa
appear to be the concentration of people among the general target audience whose personal
interests tend toward listing, the behavioral richness and species diversity of their preferred
taxon, and the accessibility of a variety of species that can continue to fuel that interest.
Alpine plants are actually quite limited in their variety, although they may appear nu-
merous to the untrained eye. On a brief vacation, only a few phenophases are likely to be
encountered for any given species unless the individual is specifically observing this charac-
teristic of the surrounding flora. For example, bunchberry plants observed over a single day
in the altitude gain of 3,150’ from Pinkham Notch to Carter Dome ranged from flowering
at 2,000’, to budding at 3,300’, to pre-flowering with no evidence of buds at 4,800’. While
most hikers are unlikely to notice these details without prompting, this further emphasizes
the importance of geographical precision for Mountain Watch observations.
Despite the evidence that hikers can be trained to accurately recognize Mountain Watch
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monitoring species and provide quality data on their phenophases, a substantial drawback to
the project’s reliance on the hut guests as contributors is the continual turnover of potential
participants.
4.5.2 Constant Turnover in Participation
Given that hikers visiting the White Mountains are on vacation, their stays in the huts
are relatively brief and this means that there is constant churn with respect to Mountain
Watch participants. Another question that this has raised is the suitability of vacationing
visitors as contributors of scientific data: “The hiking audience...they’re on vacation, and
they’re not necessarily the right audience to try to engage in this. So we’ve had a lot of
lessons about the audience and what level of support it takes to keep people engaged” (Geum
2009, 12351–12680). These individuals were also identified as being more likely to take a
participation kit without returning data. Part of the reason that one-time visitors are less
likely to follow through on contributing data was hypothesized to be related to the often
difficult trail conditions:
They sort of start out with the intention of doing it, and then the trail gets harder
and...the enthusiasm wanes, and they are sort of more focused on just getting done
with the trail. ... It could just even be a weather day, it’s a rainy wet day, it’s not
going to be conducive to taking out a pencil and paper. (Ledum, 7059–7929)
This claim was clearly true for the Lodge-to-Hut group, who were potentially ideal par-
ticipants; for all but one particularly enthusiastic fellow, interest in continued observation
tapered off over the three days as muscles grew tired and trails became tougher. Although
the drop boxes for returning data sheets are available at all of the AMC facilities in the
Whites, follow-through was still clearly an issue because many more kits are taken than data
sheets are returned.
Organizers explained that the project would likely benefit from a higher proportion of
volunteers that fit a slightly different demographic than hut guests and return to the moun-
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tains more frequently. These individuals would be more likely to repeatedly provide data,
and particularly at the same locations: “The Adopt-A-Peak type person, that is in a regional
community that already comes to the mountains multiple times, comes to their favorite trail
multiple times during the year” (Geum 2009, 30372–31069). As previously mentioned, the
people who were participating outside of the hut system had provided more reliable data,
sometimes with detailed reports and even photos (Carex).
One of the hopes held by project organizers for further engagement of Adopt-A-Peak
volunteers has to do with the minimal level repeat participation by Mountain Watch con-
tributors. As seen in other citizen science projects, repeated participation is consistently
expected to improve data quality as well as commitment.
The majority of those participating are the hut guests. But we are hoping that the
hut guests may be repeats as well...like one year we had a family that went out five
times. ... So we get these pockets of enthusiasm, but...to build the recruitment,
retention...which we know there’s scientific value in, is beyond our capacity at this
point. (Geum 2011, 25296–26748)
Likewise, resource constraints have also stymied the adoption of the forest flower monitoring
protocol and the expansion from northern forests into southern forests. These forest habitats
are more accessible to many AMC members than the White Mountains, and could therefore
lead to higher rates of repeated participation.
Despite these roadblocks, the development of information technologies to support broader
participation has the potential to further engage the local community as well as individuals
throughout the region.
I think that we could be doing a better job at reaching out to the community-
level volunteers that I feel are untapped, and I think that our web interface is
incrementally getting better all the time, but a real sort of community engagement
is not there. So in an ideal world, I would definitely improve our website so that
it is more user-friendly for engaging volunteers and having volunteers exchange
information. (Geum 2009, 16867–17336)
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The ability for contributions outside of the Whites via online reporting is starting to show
some encouraging results on a very small scale: “We definitely have some hotspots that are
non-staff, which is exciting. We have this volunteer that’s been putting stuff in off...the
Kancamagus highway that we have here. We have two sites in Maine that keep coming
in..utilizing the system” (Geum 2011, 26515–26908). As seen in the other cases in this study,
more staff time for outreach and communication would be needed to realize the potential of
this resource for engaging further participation. At the same time, the strategy of person-
to-person recruitment has proven highly successful for encouraging participation from hut
guests, who are surrounded by messages about the value of participating in Mountain Watch.
4.5.3 Organizing Communication Saturation
Prior sections discussed the importance of the hut-based outreach for Mountain Watch
participation. As organizers noted, “When naturalists were giving a program about the
alpine flowers, they tended to get more observations from that hut” (Clintonia, 17086–
18559). What the interviews did not fully reveal was the saturation of this message in the
AMC facilities, which became clear during participant observation.
The message that participation in Mountain Watch was valuable both for AMC’s conser-
vation efforts and developing further scientific knowledge about the White Mountains was
everywhere. Hut croos mentioned the Mountain Watch program at every evening presenta-
tion during dinner, at every hut. It has become a standard part of the croo’s daily duties,
and anyone staying several evenings at the huts or visiting multiple huts would hear this
message repeated at every evening meal.
Mountain Watch kits were placed in highly visible locations just inside the hut doors,
typically right at the registration desk or mounted on nearby walls, where guests could
hardly avoid seeing them (see Figure 4.1c). A large display at the entry of the Pinkham
Notch Visitor Center took an Old West theme: “Wanted: For Flowering Along the Trail and
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Turning Hikers Into Citizen-Scientists,” with accompanying mug shots of the forest flower
monitoring species and an explanation of the need and goals for public participation. At
Mizpah Spring Hut, flyers advertising the program were posted on the inside of the toilet
stall doors in a fashion reminiscent of dormitory advertising. A large poster at Lakes of the
Clouds Hut on New Hampshire’s changing seasons included Mountain Watch participation
under the heading “What can you do?” The High Hut passports2, new for 2011, also included
a double-page spread on Mountain Watch. TheAMC Field Guide to New England Alpine
Summits devoted a three-page section to phenology, with two pages devoted to Mountain
Watch and photos of the monitoring plants in different phenophases that demonstrate the
impact of altitude on plant development. The impressively pervasive messaging at AMC
facilities was another demonstration of the integration of the project into the hut culture
and overall organizational embeddedness that organizers have succeeded in achieving.
Although this level of saturation of communication was clearly an important factor in
participant recruitment, one organizer also noted a desire to avoid being heavy-handed with
the message: “We don’t want to feel like we are pushing it on people, and it’s like they
have to do this, it’s their duty as hikers to do this. But we want it to be that real curiosity,
and that thing one wants to do” (Ledum, 17188–17739). This statement emphasized the
importance of crafting a project that participants will want to engage in out of personal
interest rather than a sense of obligation.
Other citizen science projects that are less geographically bounded and more Internet
dependent have leveraged participant data and visualizations to stimulate this curiosity and
satisfaction from participation. Although current digital technologies supporting Mountain
Watch are still limited, making it possible for participants to find their own data on a map was
intended to support participant satisfaction and lead to a stronger commitment by showing
2The High Hut passports are a similar concept to the National Park Service “Passport to Your National Parks” and National
Wildlife Refuge System “Blue Goose Passport,” which encourage visits to multiple public lands through collection of souvenir
stamps.
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that “this is actually doing something, my little piece of this data actually did help” (Ledum,
15107–15197). The project organizers for the other cases in this study also felt that it was
important to help contributors understand that however small their individual contributions,
the data are valuable. By extension, the value of demonstrating how an individual’s data
contribute to the larger project goals was implicitly considered important across the cases.
In addition to the value for recruitment of participants, organizers wanted their extensive
outreach and education campaign to have broader impacts.
Even if you don’t submit data or anything, but you learn a couple of these species,
and you say I saw this really beautiful little flower, and maybe bring a friend
up here, then maybe the friend gets involved, wants to do trail maintenance or
something. It’s hard to know the exact ramifications for where some of these
experiences are going to lead people, but in general, it does circle through that
recreation, education and conservation, and usually they get into it and they end
up...finding something they’re passionate about. (Ledum, 29374–29954)
This shows the potential for engagement through personal networks and individual devel-
opment in the form of new interests that are in keeping with AMC’s mission. It also rein-
forces the secondary goal of Mountain Watch “to educate our members about these issues
and...motivate them to contribute...when they can weigh in on policy initiatives” (Geum
2009, 2401–2546).
4.6 Answering the Research Questions
Returning to the research questions, Mountain Watch had several fundamental similarities
to the other cases in this study, which will be discussed further in following chapters, but
also demonstrated striking differences, some of which are representative of a large segment
of the wider organizational field of observation-based citizen science projects.
Virtuality was far less of a concern for Mountain Watch than the other cases in this study.
This was because much of the participation takes place in a relatively bounded geographic
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space and often involves group participation or instruction from a knowledgeable individual.
While tools are in place to support a larger scale of participation with more remote con-
tributors, this is not as yet a substantial portion of the observations received. Interestingly,
however, the contributors who participate independently at a distance appear to provide
higher quality data, which suggests that more aggressively pursuing project expansion in
this area could prove valuable.
Technologies play a very different role in Mountain Watch from the other projects dis-
cussed in this study. More important than digital tools were the paper data sheets, which
had more appropriate affordances for hiking conditions in the White Mountains. Instead
of being a fundamental resource and a foundational requirement for launching the project,
online data entry was added gradually over time with the goal of expanding participation
beyond the primary contributor base. Other information technologies such as plantcams
provided opportunity to collect data automatically that could be used for verification of
contributed data. There are currently several hurdles that prevent that approach from being
implemented, but should the resources become available, the data could be retroactively
reviewed due to the multifaceted monitoring approach.
Through detailed evaluation of data quality and careful analysis, organizers identified
challenges with the participation protocol that could be modified to improve data quality.
In particular, the tasks of identifying locations and species were substantially simplified, and
a pilot study demonstrated that this was a successful approach to supporting more reliable
data collection. The evolution of the project’s participation protocols can also be seen in the
changes to the data sheets over time, a process that required great patience and diligence
but promised to enhance data quality through greater precision and reliability.
Organizing the project has been challenging due to similar obstructions cited by the
other cases, but also because of the nature of the participant population that results from
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the limited geographical range of the project and its dependence on hut guests for the
majority of data submissions. At the same time, organizers have bolstered these data with
complementary sources, including regular observations by trained hut naturalists. Despite
the trials of working within these constraints, the alignment of the scientific interests of
the project with the organizational mission and potential for individual development on
the part of participants has led to ongoing support in principle, if not resources. This has
also resulted in a level and style of organizational embeddedness that may be unique in the
larger organizational field of citizen science projects, due to the nature of the AMC facilities.
These devoted resources allowed the involvement of hut croos in ongoing project outreach
and saturation of project marketing.
Participation protocols have been simplified to better meet the scientific goals of the
project, but unlike most citizen science projects, the reduction of choices for participants may
support greater participation. As organizers became aware that the monitoring processes
required participants to do too many unfamiliar tasks for their levels of skill and personal
interest in the activity, they found ways to reduce task complexity without entirely removing
contributors’ ability to make choices about the way that they participate. These changes
were reflected in modifications to the data sheet used for field data collection.
Another aspect of participation that was problematic was the fact that the hikers who
contribute data are on vacation. As a result, they appear to be less committed to completing
the task and turning in data, and may also find the task requirements too much like work
to be an appealing leisure activity. Numerous aspects of the physical landscape can further
prevent full participation, even among those who find it appealing to their personal interests,
as weather and trail conditions can easily distract hikers from the participation tasks.
Scientific outcomes for Mountain Watch have been delayed, much like in the Great Sun-
flower Project, due to the extended revision cycles required to refine the participation pro-
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tocol to the point that hikers could contribute usable data. There were several reasons
for these delays, including limited funding and personnel, plus the unavoidable influence of
seasonality. A further complication inherent to phenology monitoring is that scientifically
meaningful results require long-term data sets. Keeping a citizen science project operational
long enough that protocols have been refined and sufficient data have been collected to
produce scientific outcomes is a substantial sustainability problem for many projects. At
the same time, the Mountain Watch organizers took an exceptionally rigorous approach to
investigating the specific causes of problems with precision, accuracy, and reliability. This
effort in itself produced scientific knowledge products that should not be discounted, as they
benefit other citizen science organizers as well as the Mountain Watch project. This strategy
allowed Mountain Watch project leaders to simplify the protocol and refine the participation
kits to the point that data quality was demonstrably improved. Another interesting aspect
of Mountain Watch was its integration with conventional scientific research at AMC. This is
a fairly rare situation, but has permitted the organizers to identify several alternative modes
of data collection and verification that may further support long-term scientific outcomes.
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CHAPTER V
Great Sunflower Project
5.1 Know Bees or No Bees
When Gretchen LeBuhn had a little grant money left over from a research project, she
considered setting up a traditional study of pollinator service. She could hire a graduate
student to make regular observations of the same locations and report on how often bees
visit the plants. Or she could try something different—and crowdsourcing was on LeBuhn’s
mind. The increasing visibility of crowdsourcing in the media has suggested to researchers
that the citizen science approach could provide large volumes of data at a relatively low cost.
With her seed money, LeBuhn created the Great Sunflower Project, a citizen science project
designed to collect observations in support of scientific research on pollinator service focused
on plant–bee relationships. The project became an overnight phenomenon.
The project’s scientific focus was inspired by the general lack of scientific knowledge about
wild bee populations. Bees are a critical link in the world’s food production system: as noted
on the Great Sunflower Project website, they are responsible for every third bite of food.
Although the scientific community has already documented the decline of pollinators in
specific locales, little is known about pollinators across habitat types. Worldwide, gardens
provide about 15–20% of the food supply, and can be especially valuable to the urban
poor. Natural habitats are not common in urban areas, and may not be able to support
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pollinators without human intervention to create urban gardens and restore habitats. In
order to investigate these questions, it seemed only natural to enlist the public in collecting
data about ecosystem health with simple observations of bees visiting garden flowers.
5.1.1 Project Description
The Great Sunflower Project (GSP) engages participants across North America to answer
research questions that are important to understanding and protecting pollinator popula-
tions. It was founded in 2008 by LeBuhn, an academic researcher at San Francisco State
University (SFSU). Leftover grant funding provided seed money for project startup, inspired
by LeBuhn’s idea to collect data at a continental scale by enlisting gardeners in a citizen
science project. For her, organizing a citizen science project promised a larger and more
geographically diverse data set to support her research, as well as an opportunity for public
outreach and education. The project’s initial research questions focused on understanding
bee visitation rates across urban, suburban, and rural habitats. These research questions
investigate the larger issues of pollinator service, which are a key part of ecological processes.
The GSP is a young, underfunded, and technologically disadvantaged citizen science project
that has shown remarkable potential and resilience despite substantial challenges.
LeBuhn carefully designed the project so that the traditional scientific observation model
would be translatable to anyone’s backyard, created data sheet that asked for only the min-
imum information that was needed, and learned how to develop a Drupal CMS website to
provide educational content and forums as well as a data entry system. The GSP partici-
pation protocol asks contributors to plant specific species of blooming plants—starting with
Helianthus annus, the annual Lemon Queen sunflower (Figure 5.1)—and contribute obser-
vations of bee visitation according to a structured scientific protocol. Additional optional
forms of participation include making phenology (life cycle) observations of the growing sun-
flowers while waiting for the blooms to mature enough for pollen production that attracts
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bees; these data are shared with and archived by the U.S.A. National Phenology Network.
Figure 5.1: The Lemon Queen sunflower, Helianthus annus.
Gardeners were the initial target community for the project because of the necessity of
monitoring a particular species, which meant that participants would likely have to grow
their own sunflowers. After getting the website in place, LeBuhn sent a dozen or so emails
to people she thought might be able to spread the word, and then went on vacation. LeBuhn
focused her initial recruiting on Master Gardeners who were likely to have a wider network of
personal contacts that would include gardeners. When she returned two weeks later, 15,000
people had signed up. Although many had registered solely for the promise of free sunflower
seeds and had no intention of contributing, as became evident from visitor referrals by freebie
network websites and subsequent lack of participation, their level of intended engagement
with the GSP was unknown at the time.
This growth pattern continued for the first two years: constantly increasing project reg-
istrations substantially outstripped LeBuhn’s highest expectations despite minimal recruit-
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ment efforts beyond some unsolicited attention from traditional news media. During this
time, several adjustments were made to the participation protocols, data entry forms, and
the removal of a major aspect of the project that initially drew so many registrants: no more
free sunflower seeds. These developments will be discussed in more detail later with respect
to project sustainability.
LeBuhn sought new sources of funding, but a recessionary economic environment meant
that funding from grants and community foundations was scarce. Combined with the deci-
sion not to send seeds, her entrepreneurial efforts partnering with volunteers to produce and
sell a calendar featuring bees resulted in enough money to support a part-time Outreach
Director (Bombus). The new Outreach Director took on speaking engagements, wrote the
project newsletter, prepared a participant survey, and helped with funding proposals and
developing new partnerships. One of his most valuable characteristics, in addition to pro-
fessional experience in both market research and adult education, is that he is a gardener.
More importantly, he is a recreational gardener, not a “scientific” gardener. As a member
of the gardening community, the Outreach Director has connections to and experience with
institutions that engage with gardeners, and understands their interests and needs.
As of October 2010, approximately 5,000 contributors had submitted more than 40,000
observations over the project’s four years of operation. Contributions are very skewed, with
one individual contributing over 300 data points in one season, but most providing only one
or two samples. Observations are limited to the growing season, which varies in date range
and duration across the North American continent. Supported by an open source content
management system (CMS), the technology accepts data but does not offer straightforward
tools for displaying it in useful ways.
Despite these challenges, the GSP sustained participation for several years before orga-
nizers were able to provide data outputs like a map of bee visitation rates. Given that the
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contributor base has substantially different characteristics from and wider variability than
communities of practice like birders, this success is attributed to the compelling mission
of the project and charisma of both sunflowers and bees, the general attraction of which
is evident in the wide array of consumer goods emblazoned with or shaped like bees and
sunflowers, such as jewelry, clothing, and figurines.
The Great Sunflower Project is considered highly successful with respect to impressive
volunteer recruitment in a very short period of time; over 90,000 accounts were created on
the project website by its third year, although the actual rate of conversion from registrants
to contributors is low. In informal interviews, organizers of other projects expressed envy at
the GSP’s overwhelmingly positive response from participants. The mission and aspects of
the participation process and protocol clearly have broad appeal to both participants and
researchers, as several other citizen science projects have subsequently adopted or adapted
the observation protocol.
With limited resources for project organizing, however, the GSP has faced major chal-
lenges with funding, technology development, and providing support for participation. The
budget for project operations from 2009–2011 was just over $38,000, making the average
annual operating budget around one-twentieth of the funding required to run eBird. The
GSP represents a relatively new project that has survived its initial years of adjustment and
is positioned for large-scale success if organizers are able to marshall the needed resources.
While it could easily produce substantial growth in participation with an infusion of funding,
gradual development seems more likely given the GSP’s current constraints. Nonetheless,
it appears that the GSP will survive the test of time well enough to produce a long-term
data set that will provide a foundation for substantially broader research than was initially
planned.
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5.1.2 Data Collected for the Great Sunflower Project
Data collected for the Great Sunflower Project case study included the following sources:
• Interviews
• Participation and observation
• Documents
While the interviews provided the most insightful data collected for GSP, the other sources
helped contextualize the participant experience and permitted data triangulation. Notably,
the duration and relative scale of this project is such that there is simply less data to be
collected than in the other cases: there are fewer organizers involved and the project has
been in operation for a shorter period of time. One of the interesting qualities of this case
for the purpose of comparison is that data collection began during the second year of the
project’s operation (2007), which meant that it offered a unique opportunity to observe the
project’s development in the early phases of organizing.
Interviews
Both of the project organizers for GSP participated in semi-structured interviews. A
total of 3 semi-structured interviews lasting 60–90 minutes were held with two individuals;
this is the entirety of the project’s ongoing staff. Because of the ease of de-anonymization,
LeBuhn’s name is used throughout; the other staff person is referred to as Bombus, and
both are referred to as project leaders or organizers throughout. A third individual involved
in the project was a contracted database developer. I chose not to pursue an interview with
this individual because involvement with the project was indirect, limited to database de-
velopment, and I was already very familiar with the underlying Drupal content management
system and associated database structures supporting GSP.
As part of a larger study, the interviews with project leaders were longitudinal, with two
of the interviews conducted a year apart. In addition, three other interviews which were
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part of a separate study touched upon partnership relationships with the GSP, providing
additional context.
Additional informal interviews occurring an in-person events offered greater insight into
the ongoing processes of project development. Over the course of data collection for this
case, a project leader and I participated in three meetings focused on citizen science. During
these events, we had opportunity to discuss the latest developments with the GSP in both
direct conversations and in group settings.
Participant Observation
I participated as a contributor to the GSP for three consecutive summers, from 2009–
2011. My initial reaction to learning of the project was enthusiasm—the protocol was simple
enough that I knew I could easily follow it. I planted sunflowers immediately, prior to
recruiting the GSP as a case study site, and therefore early field notes are sparse and data
entry sessions were not recorded until the second season. I had much greater facility in
initial use of the GSP website for data submission than the other cases because the site is
based on the Drupal CMS . At the time, I was the administrator for five Drupal sites, which
made the “logical” locations for various functionality self-evident to me, although this case
study demonstrated that my ease in using the GSP website is an exception to the general
experience.
Although I made a point of contributing several samples each season, following the partic-
ipation protocol became admittedly dull after two years. The activities involved in contribut-
ing to the project (described later) required sitting in my front yard facing away from the
street in a relatively unusual fashion, all the more noticeable because none of my neighbors
have been observed sitting in their front yards at all over the last five years. My visibility
during participation prompted questions from my neighbors and the postal carrier, providing
an interesting experience in communicating about the project with non-participants.
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I reported 10 samples across the three years of participation, with at least three observa-
tions per year, and to the best of my ability also contributed optional phenophase observa-
tions each season. While this is less participation than might have been ideal, reports from
the project organizers showed that my level of participation was higher than most contrib-
utors and the constraints on my participation were typical of those encountered by others.
The seasonal nature of participation in the GSP enforces a practical limit on contributing
to the project, as did climatic conditions and unavoidable absences during the growing sea-
son. When contributing photos of bees visiting sunflowers became an option, I uploaded
and shared 20 images with the Great Sunflower Project Flickr group, which changed my
participation process for the second season to omit use of the paper data sheets to record
observations (I reverted to the paper-based process in the third season).
I also periodically monitored the forums on the GSP website, which have relatively low
levels of traffic. This source provided the opportunity to observe other participants’ inter-
actions with the project leaders and one another. Although very limited in scale and biased
in terms of self-selection for participation, the forum postings were useful for triangulation
and clearly substantiated several assertions of the organizers, particularly with respect to
participant skills.
Documents
The documents used as data sources for this project included email newsletters, postal
mailings, data sheets, presentation slides, fundraising products, and public-facing website
content. A participant survey summary shared with contributors also provided background
for understanding personal interests and experiences. The organizers reported on the results
of the survey in interviews, but I did not have direct access to the detailed results. These doc-
uments showed how the GSP organizers work to promote contribution, retain participants,
and diversify revenue streams.
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5.2 How the Great Sunflower Project Works
The description of how the GSP works presented in this section discusses the underlying
technology and contribution tasks for members of the project.
5.2.1 GSP Technologies
The Great Sunflower Project depends on information and communication technologies
to organize participation. The information technology supporting the GSP, as previously
mentioned, is the open source Drupal content management system. The modular system
allowed organizers to pick and choose functionality to support participation. The mod-
ules implemented for GSP are primarily core features in the Drupal environment: pages,
forums, and custom node types that use an add-on module for form submissions. Addi-
tional core functionality includes participant roles (e.g., administrator versus contributor),
login management, password retrieval, site search, and for administrators only, image upload
and tagging. The site has several pages of supporting content with information about bees
and participation, with downloadable data sheets and instructions, and most of the site is
publicly accessible.
An experienced programmer was hired to ensure proper database management and form
checking for data submissions, which was needed to provide usable table structures for re-
search data retrieval. The rest of the technology development and administration is handled
entirely by the project organizers, notable because Drupal is a complex technology to learn
and manage. Neither organizer has a background in web development. The level of technol-
ogy competency required to implement and manage an open source CMS is relatively rare,
as domain researchers and project organizers are infrequently trained in these skills for a
variety of reasons.
In addition to the main website, the GSP utilized a Flickr photo group to enable optional
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contributions of photographs documenting bees visiting flowers. Two hundred sixteen group
members, representing a very small subset of contributors, have contributed 454 images,
many of which do not represent images from data collection, but rather images of bees in
participant gardens more generally. A Twitter account for the project was created in 2009,
and although infrequently updated and limited in terms of audience, it was used to remind
participants of planting timing, fundraising campaigns, and occasional reports of record bee
counts (44 bees in 15 minutes as of 2011).
Starting in 2010, an email newsletter for communication with participants, called “The
Buzz,” was changed from its prior plain text email format through adoption of a third-party
email marketing and list manager service (Mad Mimi). This change in marketing tools
improved the visual interest and appearance of professionalism for the newsletters.
5.2.2 Contribution Tasks
On the GSP website, the participation process is described as “four easy steps to partic-
ipate”:
1. Sign up and plant your sunflower
2. Describe your garden
3. Watch your sunflower for 15 minutes
4. Enter your data online
The ease with which individual participants can complete these tasks is widely variable,
but arguably simpler than the participation processes of many citizen science projects that
are adapted from standard scientific protocols. Signing up requires creating an account on
the Drupal site; it is a fairly standard account creation process, and over 100,000 individuals
created accounts in the first four years of the project. Planting a sunflower requires little
more than placing a few seeds into soil; however, as will be discussed later, even the most
basic gardening skills cannot be assumed.
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Describing a garden requires a one-time form submission for each observation location;
most participants make observations in their own yards, and only at a single location. Garden
description is the most complex form on the website, shown in Figure 5.2. Participants
must choose from multiple choice answers for several descriptive qualities that enable a
broader range of scientific analyses: garden size, amount of sun, level of development (urban,
suburban, rural), fertilizer and supplemental water use, presence of bee hives, surrounding
habitat, and slope of the terrain.
In addition, participants must enter location information, with required fields for city,
state/province, and country. The resulting description that participants can view includes
the form values and an inset Google Map with their garden location marked, which presum-
ably allows them to verify the location resolution accuracy. Notably, location precision is
substantially less important to the scientific goals of the GSP than the other cases in this
study.
The core participation task is sampling bee visits, and participant instructions for 2011
were described in simple, straightforward language:
Pick a warm sunny day and if possible, sample in the morning. We recommend 9
or 10 am. Here are the five steps:
1. Set yourself up near your plant. Take a look at your garden and count how
many sunflower plants are blooming. We recommend a cup of coffee or tea...
2. Focus in on one plant, count and record the number of open flowers on your
plant. Don’t count older flowers that might not have pollen or nectar. You
can tell if a flower is old by touching the center part and seeing if your finger
picks up pollen.
3. Write down your starting time (e.g. 10:00 am).
4. For each bee that visits the plant, write down it’s [sic] arrival time (e.g. 10:02
am)
5. Stop after 15 minutes have passed
6. Enter the data at: www.greatsunflower.org. After you login, look left and find
“Submit Sample”
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Figure 5.2: The GSP interface for describing a garden.
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The instructions also noted the option to take photographs and submit them via Flickr.
Data entry follows observation, but the initial technology with which contributors interact
when making samples is a paper data sheet (see Figure 5.3), as direct data entry during
participation is possible but would be cumbersome and potentially too slow for the pace of
bee arrivals in an active garden. In practical terms, filling in the data sheet requires a hard
writing surface, which is not a feature of most gardens, so a book or clipboard may also be
needed in addition to a time-keeping device. An alternate approach for data collection is to
use a digital camera to capture each bee’s visit to the flower, and use the EXIF data from
the images to extract the time for each visit.
Entering the bee observations sequentially online allows the participant to add up to 30
bees, one at a time, and requires filling in the type of bee and time of day, using a total
of four drop-down entry fields (see Figure 5.4). Non-observation is accommodated with a
checkbox labeled, “I didn’t see any bees,” which reduces potential data entry confusion while
supporting submission of absence data. Absence data are very important for species distri-
bution analyses, but are notoriously difficult to convince contributors to submit, according to
several project organizers, because the common lay perception is that absence data are not
observations and are not valuable. Finally, there is a comments field in which participants
can record their notes on the weather or any other details they consider relevant.
In addition to contributing bee visitation samples, contributors can optionally report the
dates of phenology events for sunflowers (date planted, first leaf, first flower, first ripe seeds,
leaves dried and dead). These data are shared with another project that incorporates citizen
science into the collection of long-term phenology data, the U.S.A. National Phenology Net-
work (USA-NPN). The phenology reporting option is provided exclusively through online
submission via either the GSP website or the USA-NPN website, in contrast to bee observa-
tions, which are also accepted on paper by postal mail. The USA-NPN site is substantially
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DATA SHEET 
 
Your User Name:________________________           Garden address (if you have more than one):____________________ 
Please use these types of bees: Honey bee, Bumble bee, Carpenter bee, Green bee, Other or Don’t know. 
Month: Date: 
 
Date: 
Start time (e.g. 10:00 am).  If you see 
no bees in 30 min, write no bees here. 
 
 
 
#sunflower plants blooming in your 
garden 
  
# open flowers on your plant with pollen   
 Time of arrival  
(e.g. 10:03 
am) 
Type of bee 
Not required 
Time of 
arrival  
(e.g. 10:03 
am) 
Type of bee 
Not required 
First bee     
Second bee     
Third bee     
Fourth bee     
Fifth bee     
Sixth bee     
Seventh bee     
Remember: Some of the most important data is when you do not see bees.  Please be sure to share those data!!! 
Comments (Such as what else is in bloom in your garden that’s attracting bees?):   
 
 
BEE GUIDE 
 
 
Bumble bee Honey bee Carpenter bee 
Are yellow and black (though 
some have red or white) and 
hairy. 
Their abdomens are hairy unlike a 
carpenter bee. 
Are un-aggressive unless you 
appear to be attacking their 
nest 
Have gold to dark brown or 
black shiny abdomens with 
subtle stripes 
While they have hair, the hairs 
are sparse. 
Generally smaller than either 
bumble bees or carpenter 
bees. 
 
Are often but not always totally 
black in color 
The top of the abdomen is shiny 
not hairy like a bumble bee. 
Have strong mandibles that they 
use to dig into wood where 
they establish nests 
Are not likely to sting unless 
handled 
Figure 5.3: The GSP paper data sheet for 2011.
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Figure 5.4: The GSP online data entry interface for bee observation samples.
186
more complex in terms of form submission but offers sophisticated data visualizations.
Subsequent to data entry, participants can view each individual sample record, but as
of 2011 there was no personal data summary, visualizations (other than a map of sighting
frequencies for 2010 across the U.S.), or other data outputs available. Although creating data
outputs is a high priority for project development, it has been stymied by lack of adequate
funding to develop more sophisticated reporting tools and integrate them into the CMS.
5.2.3 Meta-Contribution Tasks
Meta-contribution tasks in GSP are very limited, including assistance with creating
fundraising sales items and answering user questions on open forums. A handful of vol-
unteers have helped create the calendars that were sold to raise funds for the project. A few
undergraduate student volunteers helped with data entry for observations mailed in on hard
copy data sheets. Beyond this, however, the greatest constraint on engaging more volunteers
in meta-contribution tasks is organizer capacity. There simply isn’t enough attention to
devote to volunteer management.
An additional challenge to harnessing participant enthusiasm for meta-contribution is that
the tasks that need doing are not consistent, neatly structured, easily defined, independent,
or uniform. In other words, the coordination and skill-specific dependencies are high for
the articulation work with which GSP needs assistance. It was also noted that despite the
fact that contributors are participating virtually, managing such interdependent volunteer
work is difficult in a distributed environment, particularly with limited organizer experience
in this domain. The challenges associated with organizing a virtual team to perform less
structured tasks reinforces the intuitive notion that tasks designed to rely entirely on pooled
interdependence are the most scalable choice for citizen science projects.
There is also no need for localized data review because bees are bees across the continent;
bee identification has always been an optional task, in large part because the fast-moving
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insects are small and can be difficult to identify, even with supporting photographs. Few
lay people make a study of bee species, and unlike birds, bees do not make sounds that can
be used to support visual impressions of species identifications. The data for each season
have not yet achieved the scale that requires more advanced data filtering or verification
approaches beyond application of heuristics to spot clearly anomalous observations.
5.3 Organizing Growth
While the institutional and organizational contexts of the other two cases in this study
are described in some detail, institutional support is substantially less meaningful for the
Great Sunflower Project. Although some resources were provided by San Francisco State
University, they were limited enough to have little bearing on the analysis of the case.
The most notable impact of the institutional environment is the observation that starting
the project was a risky undertaking for an untenured academic, as LeBuhn was when the
project was founded. The Great Sunflower Project offers insight into the early development
stages of a new citizen science project, from developing partnerships to the challenges of
unexpected scale and the associated costs of supporting technologies. These topics are the
focus of this section.
5.3.1 Growing Partnerships
Over the first four years of the project, the GSP developed several partnerships, primarily
related to contributor recruitment:
I’m in talks right now with the California Master Gardener program to introduce
the sunflower project as a way to fulfill volunteer hours for Master Gardeners,
and to actually use Master Gardeners as little agents to do the education on the
sunflower project in their worlds. ... We’re trying to partner with 4H clubs, they
are kind of a way to reach a large audience who is interested in this topic. (Bombus,
4686–5427)
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Reaching out to lifelong learning partners focused on adult education was also identified as a
potentially valuable direction. Each of these partnerships focused on groups with members
who are interested in gardening and agriculture, which was appropriate to the project’s focus.
An additional partnership was developed as a specific support for ongoing participation
with an online social network, YourGardenShow.com. YourGardenShow.com is an attractive
website that describes itself as “a free online platform connecting gardeners of all experi-
ence levels with knowledge, tools and resources to inspire environmentally sustainable green
spaces” (http://www.yourgardenshow.com/about). It specifically supports citizen science
projects targeted toward gardeners, including projects focused on pollinators (GSP), aller-
gens (USA-NPN), and phenology (USA-NPN). While the partnership does not provide ad-
ditional funding, the goal is to provide a richer participation experience for project members
whose primary interest is in gardening.
In-person outreach events are a key recruitment tool in the San Francisco Bay Area, where
the organizers are based. A striking difference is the parallel focus on group participation
opportunities in addition to independent individual participation, which seemed to be the
norm. The observation protocol is suited to participation by classrooms and multiple indi-
viduals, such as family groups, who could work together to make observations. The project
organizers have worked to support a more social form of engagement:
We have some curricula developed for grade school and middle school kids to
observe bees, and learn how to grow and plant sunflowers. ... We’re doing parent-
children education about planting sunflowers and observing pollinators, and how
parents can take that time to be with their kids and teach them about this. (Bom-
bus, 5892–6623)
The strategy of focusing on youth and family opportunities is evident in other projects in the
broader citizen science milieu, although interestingly, it is much more common in projects
whose funding originates from sources emphasizing informal science education, which is not
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the case for the GSP.
Loose partnerships have also formed with other citizen science projects, including pollinator-
focused projects such as BeeSpotter and the Texas Bee Watchers. Several such projects are
essentially spin-offs of the GSP with a localized focus or implemented as classroom projects,
an unexpected broader impact of the project’s appeal and relatively easy participation pro-
cess. The degree to which engaging with other citizen science projects benefits the GSP is
limited with respect to resources, e.g., they promote sales of the GSP’s products, but may
also provide an unexpected benefit of reducing some of the participant volume pressure on
the GSP organizers.
Another notable partnership which has already been alluded to is the data sharing ar-
rangement with the USA-NPN. Part of the intention of the optional phenology participation
protocol was to give participants something to do while they waited for their sunflowers to
bloom; this seemed a natural point of interest for gardeners. An organizer observed that the
GSP had higher overall participation rates than USA-NPN relative to resources and sought
out a partnership arrangement; however, participation in this part of the project has been
fairly low. The low participation in phenology monitoring may be due to relatively little
early communication about this part of the project and the difficulties introduced by using
the unfamiliar term “phenology” with a general audience. “When we did the survey...we
were interested in how strong our partnership was, and we asked...are you familiar with
this phenology project? ... Less than 5% of the people who responded said yes.” (LeBuhn
2010, 34100–34597) The clear lack of familiarity with the phenology monitoring portion of
the project was borne out in participation; although 5% of 2500 respondents said they were
aware of it, only 327 of approximately 4,000 contributors had recorded phenology data in
the prior year.
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5.3.2 Seed Money and Sustainability
The original participation model for the project incentivized involvement by sending out
free packets of sunflower seeds to people who signed up to participate, but as later analysis
of visitor referrals showed, some of these individuals were simply seeking a freebie and did
not contribute data. As a result, unlike most projects, the immediate challenge was one of
overwhelming (apparent) interest, rather than too few willing participants. The project had
critical mass of potential participants almost from day one: “I would look at the numbers
of people signing up, and go, ‘oh god, really? Another five thousand? Where did you come
from?’ ... I’m both delighted and stressed by this” (LeBuhn 2009, 45487–45693).
Unfortunately, the first season was also a year of bad seeds, and the low germination rate
among the free seeds (plus seed crushing by postal mail processing in Florida) meant that
there was little data to be collected. The results were still promising enough to continue,
especially as the list of potential contributors swelled to over 70,000 by the second year.
The free seeds were not really free, of course, and the number of registrants signing up each
year decimated the project budget: “This is so much more wildly successful each year than
I expect that I keep blowing, completely blowing my budget, because there are so many
people signing up” (LeBuhn 2009, 7257–7907). The situation led to tough decisions when
the budget provided for 55,000 seed packets but 70,000 people had signed up.
In 2009, project organizers considered eliminating the free seeds, and the decision to
make this change in 2010 immediately improved project sustainability and potential appeal
for funders. “The biggest change is not sending free seeds. And the release of the financial
burden of that is huge. It also has meant a diminished amount of data coming in” (LeBuhn
2010, 249–583). The choice not to send out seeds not only saved precious resources, but also
promoted further contributor self-selection: fewer people registered without the offer of free
seeds, but those who did were expected to be more likely to provide data. Combined with
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entrepreneurial approaches to acquiring project funding and continued efforts to solicit funds
from grantors, the change freed up enough resources to hire a part-time Outreach Director.
Hiring a staff person not only improved project communications and capacity for supporting
participation, but began to address the other major constraint on project scalability and
sustainability: the limitations on project management posed by a single organizer running
a large-scale project on the side. The organizers also quickly determined that the free seeds
had contributed to the initial rush of registrants but subsequent low level of follow through;
as previously mentioned, website referral information showed that the majority of the early
registrants learned of the project through online networks of individuals seeking freebies.
As noted, eliminating sunflower seeds from the budget also meant that the project could
present a more compelling value for investment to potential funders, further supporting
project sustainability.
I wrote a lot of foundation grants, and...most of the money that I was asking for
was to support sending free seeds out, and I felt like it really hindered our ability
to promote the project and we didn’t get a lot of funding from foundations. ... I
think it’s easier to write proposals that say I am doing this which is going to do
all these good things for people in my program, rather than it simply means I’m
going to be able to send seeds to all of my people. (LeBuhn 2010, 1533–2096)
The project organizers focused on foundation grants in part because of low success with
other funding sources, such as the National Science Foundation. An issue that confronted
the GSP with respect to acquiring more substantial research funding was the lack of broader
acceptance of citizen science methods in the scientific research community:
I went to NSF for funding through the science part of it, not through the informal
science education...and I got really positive feedback, but they won’t fund it, and
they want me to go to informal science education for it. ... I don’t want to retrain
myself as a science education person. ... I want to do ecology, and that’s what I’m
good at. (LeBuhn 2009, 44138–45003).
While enhancing participant experience through learning was considered a valuable output,
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the GSP’s primary focus is on scientific knowledge production. Unfortunately, the scientific
establishment was not ready to risk funding research produced through public participation;
the response to LeBuhn’s grant proposal suggests that citizen science has been pigeonholed
as an outreach activity rather than a method capable of producing valuable research, despite
extensive evidence to the contrary (Dickinson, Zuckerberg, & Bonter, 2010). The way citizen
science seems to be perceived by funders highlights a tension between available funding
focused on informal science education and scientific interests which may be discouraging
innovative applications of citizen science more broadly.
Instead, the project organizers had to explore other avenues for generating funding for the
GSP. While challenging, the resultant diversification of project revenue sources is actually
much more sustainable than the dominant grant-funded model supporting some large-scale
citizen science projects. The GSP’s new revenue streams took an entrepreneurial bent, in
addition to solicitation of donations from participants. From 2009–2011, the organizers
worked with volunteers to create calendars featuring professional quality beauty shots of
bees, enhanced with additional details about each bee species and its specific pollination
habits, emphasizing the connection between habitat conservation and food production. Since
calendar sales flagged in 2010, another product was added in 2011: note cards featuring
whimsical but biologically accurate illustrations of bees, commissioned from a professional
artist, and again emphasizing the link between bees and food. The high production quality
and visual appeal of these products made them an easy sell for bee and garden enthusiasts
(see Figure 5.5).
Another strategy to bolster project sustainability was a return to the sunflower seeds, but
this time acting as a vendor.
This year we sold seeds, and we asked people to get their own. ... Running a
seed sales operation kept me busy and we are actually probably going to transition
again this year. We’ve been approached by a seed company who is interested in
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Figure 5.5: Bee-themed products sold to raise operating funds for the GSP.
handling the sales for us, and giving us a percentage of the profits from that. So I
think we’re going to move to that for next year, because they’ll send them out in a
more timely fashion than we do, and it would be nice to offload an administrative
thing. (LeBuhn 2010, 918–1419)
The evolution of the seed strategy turned the necessity for individuals to obtaining seeds to
participate from a project cost into a revenue stream. Committed and enthusiastic partic-
ipants are likely to make their seed purchase from the partnering seed company, knowing
that it will support the project’s continued operations. Experienced gardeners, however, are
just as likely to dry seed heads to plant the following year, a strategy for reducing personal
expense that the project organizers suggested when the end of free seeds was announced.
As these new revenue sources proved funding adequate to meet immediate operating costs,
over time the organizers expressed increasing confidence in the year-to-year sustainability of
the project.
I feel pretty good about next year, and the project’s ability to continue for however
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long I feel like doing it. ... My only real frustration is trying to figure how to get
enough money to do the changes that we’d like to see happen now that we have
an idea of what those are. And you know, that will or will not happen. We are
still getting good data, even in the state that it’s in. (LeBuhn 2010, 49589–50001)
Along with finding the resources to make short-term improvements to the project infras-
tructure, long-term sustainability for projects like the GSP remains an open question. The
primary constraint and long-term risk to project sustainability, which the organizers ac-
knowledged as potentially problematic, has been high reliance on limited organizer capacity.
Free labor is not really free; community development and volunteer management requires
organizer attention and extensive investment in communication.
My big issue is handling communications. ... We are so completely budget-limited,
our volunteer management is terrible. ... I sit down and respond to emails about
once a week, and I try to manage, keep up with what’s happening on the forums
that are set up on the web site, and...try to answer people’s questions as best as I
can. (LeBuhn 2009 5739–6686)
Organizers also noted that given the size of the electronic newsletter subscription list, if even a
small percentage of participants reply to a newsletter by email, it would generate thousands of
messages to manage. Another issue that this points to is the potential impact on participant
retention when citizen science projects that are operated with minimal staffing are unable
to manage communication due to unexpected increases in the scale of participation.
5.3.3 Size Matters in Organizing
The decision to launch a large-scale project was motivated by the potential to learn
substantially more about pollinator service than could be accomplished through conventional
science processes.
I was trying to figure out how to get a measure of pollinator service across that
area, and in the traditional way, what I would do is send a graduate student up
there to...try and sample how many visits that plant was getting. ... I realized that
there was a potential to really increase the area that we could sample by getting
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help from the community, and...it occurred to me that there was no real reason
not to do this at a bigger scale. (LeBuhn 2009, 1253–2257)
This is the same motivation that many researchers who were interviewed cited as the primary
reason to start citizen science projects that involve the public in data collection.
One of the remarkable things about the GSP is that it continued to gather momentum
despite minimal staffing and very limited efforts for recruitment.
I actually did no outreach this year to increase participation, so everything we saw
was either...some media stuff that happened but was not solicited from us, and
word of mouth. So I think had I worked at trying to get more participants, I could
have had double the number that we have. (LeBuhn 2009, 45105–45450)
The fast rate of growth continued even after the free seeds were discontinued; the factors
supporting participant interest are discussed later. Operated by just two people, the com-
bined time they were able to devote to the project was less than a single full-time employee
equivalent. This level of staffing seems appropriate for small, localized efforts, but is excep-
tional here given the scale of interest and participation that the GSP has achieved and the
speed at which it was accomplished.
Given the available human resources for project leadership, GSP has demonstrated the
ability to coordinate the contributions of several thousand participants on par with that
of larger and more established projects like eBird, which had far greater financial, human,
and institutional resources at a similar stage of project development. A notable departure
is that there are no full-time staff and limited organizational support. The project founder
is on faculty at a university, with a 60-hour per week faculty job in addition to managing
a growing citizen science project, which introduced additional constraints. Although the
university setting has provided some support, it is not on par with the internal support
that nonprofit organizations can devote to a new citizen science project, even with the
usual limitations that these organizations typically face. The GSP could as easily have been
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organized out of a home as at a university, which would not be feasible for the other cases in
this study. This example demonstrates an interesting quality of citizen science projects using
low-cost information technologies: when the conditions are right, large-scale participation
can be generated even without the advantages of institutional resources.
5.3.4 The High Cost of Low-Cost Technologies for Participation
Distinctions between different models for free/libre and open source software development
are frequently discussed as “free as in free speech” (liberty) versus “free as in free beer” (no
cost). For end users like the GSP, open source software is more accurately described as “free
as in free puppies”—meaning that the associated costs are high. The GSP project leaders are
their own tech support; as previously noted, this is exceptional, as many domain researchers
must contract out such work because the necessary technology skills are not part of their
repertoires. Besides mailing seeds, “when I [have] spent money, it’s really been to manage the
forms where data gets entered, because I want to make sure that there’s no way I can screw
it up. Having someone who had some expertise with the best ways to data check when you
have an online data entry form really was helpful” (LeBuhn 2009, 14708–14997). The choice
to adopt an open source system kept operational costs low enough to fit a shoestring budget
and permitted ongoing system upkeep without incurring substantial additional expense.
The main cost of using free or cheap software is not financial, but is typically reflected in
usability, a known problem for the GSP. In interviews, organizers of citizen science projects
with considerably larger budgets repeatedly pointed to challenges involved in combining
CMS functionality with customized software that supports both scientific and participant
interests, particularly data summary outputs in the form of reports and visualizations. While
the Drupal CMS is easily customized to accept data, producing automated feedback for
participants can be substantially more difficult. “We really need to do a website upgrade,
and to get the data accessible to participants is sort of my next big goal” (LeBuhn 2010,
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13889–14398). This remark was followed by the comment that sources of funding to achieve
these goals had not yet been identified.
The wishlist for new functionality did not end with data accessibility. Personalizing and
automating certain types of project feedback was also on the radar:
[if] you know when people plant [seeds] you could send them an e-mail saying gosh,
it’s been six weeks, you should be looking for a flower now, let us know when you
got the flower, you know, you can automate a bunch of that stuff. ...So I think
you’d be more likely to get people responding then. (LeBuhn 2010, 36015–36380)
In addition to prompting participation with personalized reminders, the ability to provide
system-based feedback was also linked to potential for individual development:
One of the major challenges right now is getting data sent back...to our citizen
scientists in an interactive way. Like, I’d love for them to go on the website,
and be able to see what everyone else observed, and why everyone else is doing
better than them, and learn how they can create a better habitat...for pollinators.
(Bombus, 27516–27897)
The potential to better support participation experiences and individual development with
automated prompts and system-generated feedback could substantially improve the data
contribution rates and participant retention. Automated feedback, however, remained a
relatively low priority compared to other more pressing concerns, such as ensuring that the
data entry interface matched the current data collection protocol.
As the project’s participation protocol evolved (discussed in the following section), they
“redid the entry form to be more compatible with the Drupal backend, and so that works
brilliantly, but the front end has maybe some usability issues. So that’s another reason
why I want to change it yet again, but actually make it easier, and then keep it consistent”
(Bombus, 34999–35272). In addition to data entry usability concerns, discussed in more
detail later, organizers also felt that the information architecture and visual design would
benefit from an overhaul. Visual design is in fact a meaningful consideration, particularly
198
given that citizen science project organizers have expressed concern over the appearance
of credibility influencing potential contributors’ decision to participate. Prior research has
demonstrated that attractive visual design enhances perceived credibility (Fogg et al., 2001),
and a poorly designed website may suggest to potential participants that the project is not
professionally managed, and therefore their contributions might be of questionable value. For
projects whose contributions are motivated by personal interest in supporting the scientific
goals of the project, organizers believed that credibility could be further enhanced by evidence
of contributor data being put to use for the scientific goals of the project. Unfortunately,
proof of the scientific utility of participation is absent on many citizen science projects’
public-facing websites.
Congruent with the project leaders’ main goal of scientific knowledge production, the
primary investment for adapting the Drupal CMS has been ensuring that data submissions
are properly recorded. As with other projects using online data submission forms, controlling
input values has helped support data quality. For example, “someone entered in data that
said that they saw a bee after 130 minutes, and I think what they were putting in is that
it was at 1:30 in the afternoon” (LeBuhn 2010, 21445–21630). A subsequent change to the
data entry form therefore requires participants to enter the time that bees were observed,
rather than the elapsed time between bee sightings—clearly a point of confusion for the
contributor in this example. The cost of discovering these issues was not only the developer
time involved in correcting them, however, as it also revealed the loss of data that might
otherwise have been usable.
Modifying the data entry form not only addressed problems such as the example above,
but removed the necessity for participants to make time-based calculations, which are a po-
tential source of error because such calculations are more challenging than most conventional
arithmetic tasks; this difficulty is due to the representation of minutes in base 60 rather than
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base 100 units, i.e., 60 minutes per hour instead of 100 minutes per hour. Despite the result-
ing nuisance factor for data entry of selecting minutes from a drop-down list of 60 items, the
quality control value outweighs the minor annoyance. Several similar changes to the data
entry form resulted from modifications to the observation protocol and improvements for
ensuring better data quality. Organizers reported that while these changes were considered
necessary from the standpoint of supporting scientific research, they caused some confusion
among participants who were slow to adjust to new interfaces, particularly as the paper data
sheet and the online data entry form did not entirely align at some points in the project’s
evolution, discussed in the next section.
5.4 Crowdsourcing Conventional Science
Like Mountain Watch and other citizen science projects, the GSP was adapted from
standard scientific protocols. This choice has several implications for project development
which have also been observed in a number of other citizen science projects in the broader
organizational field. It involves a learning process for organizers which may require several
years for a usable protocol to evolve, as well as developing an understanding of what kinds of
questions volunteers can accurately answer. These interrelated challenges typically delay the
production of scientific research products, which has a meaningful impact on the duration
of start-up funding needed (e.g., standard 3 year grants may not be adequate in most cases)
and in turn can make it difficult for a project to demonstrate sufficient effectiveness to merit
funding or continued effort on the part of organizers.
5.4.1 Evolution of a Scientific Protocol for Public Participation
The way a citizen science project’s participation processes and protocols evolve demon-
strate strong connections between the processes of science, participation, and design. The
links between these processes related to scientific interests, intended project outputs, and
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perceived participant interests and skills.
The GSP organizers demonstrated great care in the design of the sampling protocols, with
considerable thought given to the expected abilities of participants, which were unknown at
the time. Compared to protocols for other projects with similar scientific goals, the GSP
participation process is very simple. The Lemon Queen annual was initially selected as the
target species—observations made on the same plant are required for comparable data—
because it is native to the entire contiguous U.S., and a sunflower was chosen specifically
because it would be easy to see and count bees on a large, single bloom. As a project leader
explained, “I was trying to make some decisions about how I could maximize the effectiveness
of the data for the science that I wanted to come out of it” (LeBuhn 2009, 33317–33487).
Notably, LeBuhn had explored the participation protocols of numerous other citizen science
projects in the process. She observed that many of them produce data that would be difficult
to meaningfully analyze even before taking into consideration the potential confounds due
to error, bias, reliability, or problems with missing data.
Where applicable, some citizen science projects attempt to reduce the usual learning curve
by running pilot studies, but appears to be difficult to effectively accomplish for large-scale
projects that have substantial constraints on staffing. It is essentially impossible to identify
some of the problems, such as those discussed below, that can arise when a pilot project is
launched on a continental scale. As a result, it took the GSP “almost 2 years of pilot to
figure out the methods.” (LeBuhn 2010, 48102–48189) The first two years of the project
were not intended or expected to be a pilot study, but the organizers encountered the perfect
storm of overwhelming response that stretched resources to their limits combined with bad
seeds, poor weather in several regions, and participant difficulties with data entry.
There were three main changes to the protocol that resulted from these early experiences:
elimination of reporting temperature, reduction of the sampling time period, and accepting
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data for a wider variety of plants. Temperature was removed from the data sheet, presumably
due to instrument variation. The reduction of the sampling time period, from 30 minutes
in the first year to 15 minutes in subsequent seasons, was largely due to the organizers’ own
experiences in following the monitoring protocol rather than complaints or suggestions from
participants. The primary trigger for reconsidering the sampling time period was
...having a yard where I don’t see bees. It drives me crazy to sit there for thirty
minutes and not see anything. And so I...timed myself to see...when I started going
[thinking], how much longer is this going to take? And I’m good for about ten
minutes, but I can make myself stay for fifteen. I mean, I actually can make myself
stay for thirty, but I’m impatient for that last fifteen minutes. (LeBuhn 2009,
35866–36431)
A related rationale for the change was to better support family participation, as the orga-
nizers had also observed that children’s tolerance for the activity was about fifteen minutes.
The goal for adjusting the protocol to better support family participation was generating
higher levels of contribution while also meeting the educational goals of the project.
The expansion of plant species for monitoring bees is the opposite tactic from most pro-
tocol changes seen in projects based on standard scientific protocols. Usually when citizen
science projects revise protocols, they reduce the options and further simplify the partici-
pation tasks to improve data quality, as was seen in Mountain Watch. While the protocol
has seen modest changes over the years, the basic task is both simple and essentially the
same, but the choices available to participants have expanded. Adding more species to the
original Lemon Queen sunflowers provided participants additional autonomy as well as the
satisfaction of being able to monitor a wider variety of plants, a very common request. The
organizers worked to support the scientific goals of the project by selecting a set of suitable
plants, which they have worked with seed provider partners to offer as a packaged mix. They
chose plants “that there were very few varieties of, in the garden trade at least, and hope
that those data would be usable. And I’m getting a lot of data on the purple coneflower.”
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(LeBuhn 2009, 38904–39156)
Selecting monitoring species, an important consideration and sometimes lengthy process,
impacts the contributions received and their utility for research. On the one hand, increasing
the participation options means that less of the data is immediately usable for research:
Until we have enough data on those plants, I can’t really use that data. I may
someday be able to [use the data], and I try not to discourage people from collecting
data, because I think one of the goals is to teach people just the process of science.
So I...accept all data that people contribute, but I’m not going to use all of it.
(LeBuhn 2010,23184–23535)
Accepting data that are not immediately useful appears to be a valuable strategy for encour-
aging ongoing participation, as it treats all contributions as valuable, satisfies participants
who enjoy recordkeeping, and acknowledges that data that may not be optimal for current
research could have unforeseen future value. The main drawback of this approach is the
required additional effort for separating out useful data from that which is not usable, but
thoughtful information technology design can minimize related concerns.
The GSP organizers already see potential for wider applications of the data than were
originally planned: “there’s some really valuable data that could come out of doing this for
ten years. ... You could really start to get at trends and how changes in the landscape are
influencing things like pollinator service” (LeBuhn 2009, 42058–42278). While the addition
of plant species for monitoring yielded data that cannot be put to immediate use, it will even-
tually permit researchers to address new research questions comparing pollinator visitation
rates for different plants. This example demonstrates that even when a project is designed
to answer specific research questions, additional research opportunities may arise. It also
suggests that not all changes to project protocols should be viewed as negative compromises
on research goals; these changes not only satisfied popular demand, but increased the GSP’s
long-term potential for contributions to scientific knowledge.
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5.4.2 Asking the Right Questions
Related to the considerations that led to protocol changes described in the prior section,
the GSP organizers learned another valuable lesson from these early experiences: in order
to get usable data, you have to ask the right questions. Evaluating exactly which questions
participants will be able to answer reliably and accurately can be difficult for organizers, and
related data quality problems are likely to surface during analysis if initial data checking does
not raise red flags.
The issue of which questions participants can accurately answer was identified by the
GSP organizers when work on the project’s first research paper began in 2010, after ironing
out the initial protocol issues:
We saw that basically all of the garden sizes, until you got to very large gardens,
had similar visitation rates. And that urban and rural had similar visitation rates,
and suburban was lower. Which doesn’t make sense to me. ... I rethought it,
and realized...I had people self identify their gardens as to whether it was rural,
suburban, urban, and...someone in Berkeley who would identify as they live in the
suburbs, but Berkeley relative to Indianapolis is urban. So I just got a data set for
the U.S. that I can use, the housing density data set...mapped all of our points onto
that, and...I’m going to go back in and re-characterize the sites by rural, urban, or
suburban with the external data. (LeBuhn 2010, 27991–29509)
This example of an unexpected analysis result highlighted both the types of errors that can
crop up, but also the importance of considering whether participants are being asked ques-
tions for which they are able to provide valid objective answers. Protocols should therefore
be examined with the specific goal of identifying questions that may elicit subjective answers
to address concerns about data accuracy. Answer precision is another facet of asking the
right questions that is particularly relevant to geographic data.
Geography was another aspect of describing gardens that also proved subject to errors that
can be essentially eliminated through use of widely available technologies. Including latitude
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and longitude is an option that GSP offers for describing locations (in addition to, rather
than in place of, the required location fields), but address-based geographic resolution proved
more reliable: “I had some people who put in their latitude and longitude by themselves, and
they put in Soviet Union [Russian Federation]. And I’m pretty sure that since their house is
in Maryland, it’s not [in Russia]” (LeBuhn 2010, 21719–23535). Even for participants who
are aware that they can retrieve their location coordinates by using online services, there are
numerous standards-based and formatting errors that are easily committed when individuals
are unfamiliar with GPS devices and/or distinguishing between coordinate systems—skills
that most citizen science project organizers would neither presume nor require.
As previously mentioned, the garden description form requires specifying city, state/province
and country, something any participant should be able to accurately report. In addition, the
option to omit details at the street address level helps mitigate potential privacy concerns.
Since these location details were required for the analysis described above, the GSP organiz-
ers were able to integrate a housing density data set to permit the research to continue despite
the subjectivity of participant classifications, as these data provide a standardized way of
comparing the relative differences in human population that are used to define whether a
location is rural, urban, or suburban. While these self-reported classifications into the ru-
ral/urban/suburban categories are not useful for the primary research questions, they could
also be paired with the housing density data to identify any trends in the disparity between
data sources, which could have a bearing on future research and project design in citizen
science. This again points out that the policy of considering all data potentially valuable
may have additional hidden benefits for researchers.
5.4.3 Scientific Outcomes
The prior sections identified several issues that have prevented the GSP project lead-
ers from producing scholarly articles (at the time of writing), which included the limited
205
availability of researcher time and issues with data accuracy. The project has succeeded
at producing a substantially larger data set than the organizers could have generated with
professional researchers alone; as an organizer described it, “having data from that many
sites across the US is awesome. ...We have pretty good coverage across North America, and
there’s enough data to ask some really interesting questions” (LeBuhn 2010, 11799–12109).
Given their commitment to producing scientific papers, it seems that achieving scientific
knowledge outputs is simply a matter of time.
At the same time, certain aspects of the data contributions place constraints on the
research questions to which they can be applied:
You can’t know about when people sample, relative to what’s happening in in
their garden. ... We could do very different things if everybody sent in six samples
a year, but we have so many...singletons and doubletons, I’ll call them, one and
two samples from a garden, that just picking the max seems fair. (LeBuhn 2010,
19486–20809)
The organizers did not specify whether the situation had been foreseen, but the long-tail
distribution of participation is another factor that can influence project outputs and scientific
outcomes. The trend of skewed contribution rates was just as evident in the GSP data as
any other online community (one contributor had provided 300 samples), and will continue
to pose constraints like those mentioned above, at least until the contributor base grows to
the point that adequate subsets of the data can be selected for answering questions that
need six data samples per season.
Another new tactic that project organizers tried in 2011 was a concerted effort to obtain
a large number of observations on two specific dates, which met with good success. The
concentrated incidence of data collection allows a different type of research questions to be
answered based on the temporal alignment of these data points, and also potentially increases
the number of contributors providing at least two data points by emphasizing the value of
206
a concentrated effort and reducing contributor uncertainties about when to sample. The
GSP has demonstrated that strategic communication with participants can help improve
data quality and volume, which will be further discussed in the eBird case. Coordinated
single-date sampling event, common in other types of citizen science such as BioBlitzes, also
creates a participation experience which reinforces the sense of community that can be a
motivation for some participants (Raddick et al., 2010).
5.5 Participation Experiences for Ordinary People
The GSP’s first participant survey found that most participants were very happy with
their participation in the project. They also found that their primary participant demo-
graphic is older adults, reinforcing the importance of good usability for online data entry.
The organizers attributed the level of participant satisfaction to the match of the project
mission to the participants’ personal interests; they received numerous unsolicited com-
munications from contributors describing the participation experience as empowering and
uplifting. Other feedback from participants suggested that the delay involved in growing
sunflowers could be negatively affecting participation, an issue that the project organizers
meet head-on with regular twice-monthly newsletters during the growing season to support
participant retention by providing reinforcement of the value of participation and regular
reminders to participate when the flowers came into bloom. Adding the optional phenology
observation protocol was also a way to help support retention while plants grew. Because
the GSP organizers have yet to mount any concerted recruitment efforts, their volunteer
management and communication strategies demonstrated a greater commitment to partici-
pant retention than recruitment, and strategically rewarded contributions received from the
same gardens over multiple growing seasons, which may prove especially useful for research.
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5.5.1 Gardeners
Birders are known for being exceptionally fanatical about making lists and sharing records
of bird observations. Gardeners, however, do not have the same reputation for meticulous
recordkeeping; as an organizer explained, “most gardeners aren’t really listers, and most
of the people who participate have some interest in gardens, or gardening” (LeBuhn 2010,
41985–42710). Gardeners may note that certain plants have bloomed earlier or later from
one year to the next, but do not necessarily keep detailed records of these changes (there are,
of course, exceptions to this generalization.) Farmers, on the other hand, may have more
interest in tracking these details. Current outreach related to agricultural communities has
focused on youth involved in 4H, but the primary target audience has been gardeners.
The majority of survey respondents rated their satisfaction with the project highly, and
the main reason for satisfaction that was cited was strikingly similar to the motivations of
birders for participating in eBird: “We love bees. And we love what you guys do, and it’s
really important...so they really are on board with the mission” (Bombus, 13081–13216).
Despite a general lack of clarity around participants’ motivations for project participation,
survey responses clearly demonstrated a strong alignment between their personal interests
and the mission of the project. The organizers also recognized that some gardeners like to
show off their gardens to other like-minded individuals, which spurred the development of
the partnership with YourGardenShow.com. The gardener-oriented online community site
features allow gardeners to monitor the development of their gardens, post images, and share
their hobby with others.
These interests do not, however, easily translate to strategies that project organizers can
leverage to encourage stronger commitment to contribution. Even if the GSP organizers
were able to implement sophisticated technologies to support ongoing participation, there
is little certainty around the types of features that might prove self-satisfying to gardeners
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in a parallel fashion to the way that birders take delight in eBird features. Birders, as will
be discussed later, particularly enjoy sharing data about birds and accessing that data in
a variety of ways, but there is no strong evidence that gardeners feel as strongly about
phenology or pollinator visitation data.
Another motivation for signing up for the project was also clear, but associated with
dissatisfaction: free seeds.
When you look at participation on maps versus membership...there’s these clusters
of communities...where these people signed up, but yet participation is really low
there. ... What the heck is going on here, that participation is so low? And then
it just finally dawned on me...we’re not sending free seeds anymore, so that whole
motivation for being a member is not there. (Bombus, 10130–10922)
The free seeds were only one of several potential motivations to contribute, and likely one of
the weakest with respect to inspiring commitment to ongoing participation. The organizers
therefore felt that this was an acceptable compromise given the improvements to project
sustainability and staffing. They also believed that contributors who obtained their own seeds
were more likely to follow through with providing data contributions. This notion is similar to
the concept of a “commitment fee,” a nominal charge sometimes required in finance (e.g., for
loan processing or maintaining an unsecured line of credit) or course registration. Even very
small commitment fees substantially increase follow through by weeding out individuals who
half-heartedly commit to participation, and allow more effective planning based on projected
participation numbers. Although incurring personal expense can prevent some individuals
from participating, the project organizers said that they would send free seeds to anyone who
claimed that they could not purchase their own. Since a packet of Lemon Queen sunflower
seeds can be easily obtained at nationwide chain stores (including larger grocery stores) for
approximately $1.69, plus the time required to visit a store, the organizers did not feel that
the expense would be a substantial imposition on participants.
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Another insight from the user survey was related to the biographical characteristics of
participants: “the demographic of our audience skews a little older. There are far fewer
schoolchildren who participate than I thought there might be” (Bombus, 29682–29857).
More specifically, the majority of participants were over 40, with a substantial proportion
who were retirees. As reported by organizers of other citizen science projects more broadly,
age was perceived to contribute to relatively low competency with computer use. Nonethe-
less, organizers were optimistic about overall trends that suggest improving fluency with
technologies among older people, another reason that they pursued the partnership with
YourGardenShow.com:
More and more older adults are interested in blogs, and are online a lot more
than they were, say, three years ago even. So...it’s [YourGardenShow.com] also
good place to post pictures and share stories, and you know, they’re retired and
gardening, they might not have much else to do. (Bombus, 7466–7775)
Although older forum posts are no longer available on the website, a few of the earliest forum
posts demonstrated that some individuals were not particularly comfortable with Internet
technologies—and yet made the attempt to contribute nonetheless. Other posts included
messages that stated the participant’s age (60+) accompanying a complaint of difficulties
using the data entry form.
While variability of participant skill is a matter of fact in citizen science, it was highlighted
fairly frequently in the GSP because feedback had shown that one of the most basic skills
required for participation, growing a plant that is generally considered easy to cultivate, were
not always present. The lack of basic gardening skills was a substantial concern because if
participants were unable to grow a sunflower, the observation tasks could not be carried
out at all. The range of participant expertise on pollinators was also substantial: numerous
forum posts asked for help with bee identification, while others demonstrated substantially
greater knowledge of bees than the average person, using scientific names for the bee species.
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As an organizer explained, “the skill base varies from Master Gardeners and beekeepers,
to...amateur first-time gardeners” (Bombus, 15379–15898).
In contrast to eBird, which focused on enlisting experienced birders as contributors (only
2% of new eBird users have no birding experience whatsoever), proportionally more inexpe-
rienced would-be gardeners have signed up to participate in the GSP:
“There is a need, an identified need, for people to have some kind of coaching
around growing the kinds of plants that are necessary to observe bees. ... It’s
people that are really in the beginning category, that are kind of just unsure of
themselves. They’ve never done it before, and all they need is just like a tiny bit
of encouragement, and a little bit of luck.” (Bombus, 1188–14821)
Several forum posts confirmed the organizers’ reports that some individuals encounter prob-
lems from day one simply because they have no experience growing plants. Such hands-on
skills are logistically more difficult to cultivate and support in a large-scale projects than
they would be for smaller, localized citizen science initiatives where in-person trainings are
a favored approach to preparing participants to contribute. Across the broader population
of citizen science projects, this issue was consistently observed when interactions between
organizers and participants were primarily technology-mediated.
As prior discussion revealed, the seemingly simple task of describing a garden may appear
complex to some participants. Although the challenge for some participants can be partially
attributed to uncertainty around some of the descriptive characteristics (e.g., direction of
slope), the more common concern for garden descriptions and sample submissions was the
usability of the data entry forms.
5.5.2 Demographics and Data Entry
The online data entry forms for submitting samples are relatively straightforward, and
include examples and help text. This said, it is important to mention that the forms are
simple for a person who is accustomed to filling out online forms. All of the issues raised
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by organizers related to usability of data submission forms were based on feedback from
participants by direct email, forum posts, and free text survey responses. Based on a review
of the forum posts, the organizers’ interpretation of participant feedback appears accurate:
the users were often very specific about their complaints with respect to website usability.
Some even mentioned their age as an explanation for their difficulties in using the data
submission forms.
For individuals who make few online purchases and are generally unaccustomed to web-
based form submission, these forms could easily seem complex and overwhelming.
One of the other things I learned from our survey is that some people, particularly
older adults, have difficulty printing out the data form, and writing all this stuff in
while they’re observing, and taking it back, and then entering it in. ... There’s a
couple of places you can trip up there, so the usability of the data entry? Not great.
The communication around this...could be improved. (Bombus, 23980–25524)
A more troubling issue related to website usability was echoed by both organizers, who
believe that observations are being made but not reported because some participants simply
find it too challenging.
I think sometimes what happens...is that folks do their observation, but they get
stymied in terms of the entering process. ... Then the entry is either incomplete,
or they don’t do it, and although they’ve made the observation, we don’t get the
data because of that gap between the time they made the observation and actually
reporting it. (Bombus, 37636–38011)
A related concern that resulted from the evolution of the protocol was indicated by partic-
ipant feedback that suggested “for some people, the learning curve is longer and they kind
of just got used to doing it the last way, and now there’s a different way, and they think
they’re doing it wrong” (Bombus, 33481–34462). Several posts on the project forums by
users pointed out specific inconsistencies between paper data forms and online data entry
forms, which were considered problematic.
For example, the sample submission portion of the online data entry form has a small
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inconsistency in naming of the bee types that differs from the language on the data entry
form, which could lead to some confusion; it includes the scientific name for bumblebees
(Bombus) but uses the common names for the other four species in the list. The online
species list also offers an “unknown” option but not an “other” option despite the inclusion
of “other” on the paper data sheet. While minor in isolation, issues like this can snowball
into larger problems with data quality. Participant feedback about these small differences
between the paper data sheet and online data entry interface suggested that they were
confusing to some participants who were unsure of their performance.
In addition to the practical requirements of data collection in an outdoors setting, paper
data sheets are one way that the GSP organizers try to be inclusive of “die hard retirees
that want to participate, that want to feel part of the project, but yet are really still very
uncomfortable with online entry, who get confused by websites” (Bombus, 38320–38520).
The level of challenge such individuals encounter in submitting samples online is difficult
to comprehend and fully appreciate for both the organizers and others who are comfortable
with such systems; as one of them acknowledged, “I forget how unfamiliar websites are for
a large part of our population, and that was...an interesting lesson to learn about communi-
cation” (LeBuhn 2010, 48102–48882). When participants’ biographical characteristics were
unknown, usability was not at the forefront of the organizers’ concerns; once they became
aware that the majority of contributors were older adults, these issues became a much higher
priority to address as soon as funding was available.
5.5.3 Waiting for the Lemon Queen
Another part of the participation experience is growing flowers. This aspect of the par-
ticipation design is in fact quite different from many other citizen science projects. Most
observational citizen science projects require participants to go to a natural space and make
observations “in the wild.” In the GSP, however, most contributors participate at home,
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growing their own flowers in order to make observations of bees. Being able to participate
from home increases the number of potential contributors, meaning that the GSP can engage
a much wider audience than many other projects because participation requires no travel and
little personal expense. Despite this advantage, maintaining initial participant enthusiasm
continued to present challenges for organizing.
The time to flowering was identified as a specific problem, and was one of the reasons that
perennials were not initially chosen (another reason was that there are essentially no peren-
nials suited to both eastern and western regions in North America.) Growing a sunflower
requires waiting, sometimes for a long time. The wait is easily long enough for a less-than-
committed individual to lose interest, and many other intervening factors, both natural and
personal, can influence participation drop-off in the interim. Natural interference with par-
ticipation can include plant failure due to climatic patterns; predation by insects, squirrels,
or deer that eliminates the plants entirely; and even weather that is intolerable or unsafe for
sitting outdoors for 15 minutes due to heat or ozone levels.
For some individuals, their plants are more likely to fail due to lack of basic gardening
skills, e.g., from poor choices of planting locations (despite the Lemon Queen’s adaptability
and hardiness), which may not seem like a concern in the eyes of contributors until they
attempt to grow flowers and fail. Personal factors that reduce participation can involve any
number of personal events that would prevent participation in any citizen science project, but
the seasonal nature of garden-based observation also brings up challenges such as summer
vacations away from home, plus the fact that most schools are not in session and therefore
classroom participation is low despite the obvious match to science education and availability
of curricular materials.
Even committed participants expressed impatience in their desire to contribute data. Ex-
panding the list of flower species for bee monitoring was one way to address this complaint, as
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the other plant species have different blooming dates, while the Lemon Queen sunflower can
take months (up to four months in the Northeast when growing conditions are suboptimal)
to mature to the point that the plant produces bee-attracting pollen and nectar. Another
interim participation opportunity was added in 2009 with the optional phenology reporting
component, but it too is subject to some of the same issues as sampling with mature plants.
As a result of these and other challenges, follow-through is a problem for some would-be
contributors: “I get a lot of ‘maybe next year’ and it’s just sort of a funny thing. ... Once
again she [a friend] said, I bought seeds you need this year, but I just never got around
to getting data in” (LeBuhn 2010, 10944–11190). In a strategic attempt to address these
participation issues and increase the overall volume of samples, the 2011 GSP calendar had
sampling dates marked on every other Saturday in the summer months (dates are marked
with sunflowers on the calendar in Figure 5.5). The project organizers also emphasized
sampling on just two focal dates in project communications: “we don’t care if you don’t
sample at all for the rest of the year, please do this one day. And see if that, you know,
convinces people to contribute a ton of data on that one day” (LeBuhn 2010, 12801–13213).
Response to the date-specific sampling campaign was excellent; according to the project
newsletter, the “Great Bee Count” on July 16, 2011 produced ten times more observers
entering data than any other single date since the project was founded.
Notably, the focal date approach to data collection (similar to the Great Backyard Bird
Count) produced data that may have additional research applications for which the rest of the
data set is less suitable. Together, this collection of issues clearly prevented some individuals
who intended to participate from contributing data, but the ongoing expressions of intention
to participate “next year” has promoted a volunteer management focus on retention over
recruitment.
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5.5.4 Organizing Participation: Retention Over Recruitment
The overwhelming success of participant recruitment with the bare minimum of effort,
as previously discussed, suggests substantial potential for expansion. Recruitment therefore
has not been a high priority for the GSP organizers, who were challenged to keep up with the
existing contributor base, much less a larger pool of participants. Instead, the project leaders
have focused their volunteer management efforts on retention of and increasing participation
by existing contributors.
The project’s scientific goals, and related value of data produced by repeated sampling
at individual sites (which is true for all of the cases in this study), is one driver of the
primary focus on retention and increasing the commitment of existing contributors. An
organizer described this volunteer management task as ensuring “...that participation stays
high and increases. So those who aren’t...making observations, I need to make it as easy as
possible for them, and bring them into the fold somehow, in terms of making observations and
sending them in” (Bombus, 17511–18155). Survey feedback indicated that the most involved
participants were the happiest with the project, so organizers placed further emphasis on
engaging low-volume contributors more deeply. The direction of causality (and verification
that it is not a spurious correlation) between participation and satisfaction is not clear,
however; did the active participants contribute more because they were satisfied, or did
making more contributions lead to participant satisfaction?
Responsiveness by the GSP organizers to participant feedback also led to the exten-
sion of the protocol to include additional species (Bee balm, Cosmos, Rosemary, Tickseed,
Goldenrod, Purple coneflower), with minor associated changes to the data entry interface.
Expanding the species selections explicitly supported retention and increased participation
from already committed individuals because it produced a more satisfying participation ex-
perience, in addition to other reasons previously mentioned. This change placated some
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participants, but only temporarily; even after the initial expansion of species, contributors
continued to lobby for wider choice. Enthusiasm for contributing data was a clear motivator
for these requests:
Some of the comments that we hear from people are that, ‘I looked at my sunflower
for 15 minutes, I did not see one bee, but right next to it is the lavender plant that
was crawling with bees. So why can’t I send in observations for that?’ So I want
to capture and store that energy that is there, that enthusiasm for observation and
collecting data. ... I see that as an opportunity to enhance, and move forward by
including plants that people are already growing, that they’re excited about, that
would work for the project as well. (Bombus, 18356–19054)
Despite the challenges it introduced for science processes, organizers felt that accommodating
participant enthusiasm and retaining ongoing contributors was a higher priority. The project
leaders also noted that the data can be sorted out on the back end, and over time the
additional plant species may accumulate data sets adequate for comparison of pollinator
service across plants, expanding the scientific value and applicability of the data.
Additional initiatives to support ongoing participation include collaboration with social
science researchers on factors that improve retention, including commitment, thanks, gifts,
and personalization. For example, in 2011, the organizers sent sunflower seeds to some
participants who had contributed multiple samples in prior years. The personalized email
message informing participants that seeds were in the mail also included links for recipients
to indicate whether they planned to participate in 2011. Preliminary analysis of the exper-
imental results suggested that sending seeds helped retention, even though they were sent
after the optimal planting date.
Despite the variety of strategies implemented to support participant retention, the open
question that the GSP organizers continued to ask is, “What can you provide to people that
gives them a benefit that they want? It was sort of really an interesting thing to think about
for me, and I’m not sure what the answer is to that yet. And maybe it we can’t come up
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with something, I mean, it’s not like you can list the bees that you’ve seen” (LeBuhn 2010,
41985–42710). Interestingly, project leaders for other citizen science projects focused on taxa
such as butterflies, moths, and even plants confirmed that it is in fact motivating for some
participants to keep a list of species they had encountered.
Why is this not the case for gardeners and bees? One reason is likely the limited num-
ber of species that most gardeners are able to identify, aside from a few of the most easily
recognized species, despite the fact that many different species naturally occur across the
continent. As multiple eBird interviewees mentioned, birds provide a particularly rich sub-
ject for observation due to their wide variety of behaviors, changing plumages, seasonal
movements, nesting habits, and so on—these qualities do not apply to the same extent for
bees, particularly as any individual’s observations are usually made only in a single loca-
tion. The newsletters from the GSP organizers did highlight interesting bee behaviors that
participants may encounter (e.g., “pollen parties” when multiple bees simultaneously visit
a bloom, or “freeloading bees” that take nectar without pollinating flowers); however, these
behaviors are still fairly limited in comparison to those that birders can easily observe.
5.5.5 Encouraging Understanding and Intervention
The GSP organizers expressed an ongoing commitment to promoting individual develop-
ment among contributors. Communication by the organizers is primarily through regular
newsletters, which are sent twice monthly during the summer months (the same frequency
at which sampling is desired.) These messages were truly informative, and included content
about bees, sunflowers, and science:
When I send out newsletters, and I try to talk a little bit always about why we did
some of the things...that it’s important to standardize the plant, or that everybody
needs to sample in the same way, or sort of what the different measures are. So
just getting people a feeling for experimental design...an insight into sort of the
process of science. I also try to...give people some numbers to look at, so they can
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be empowered to understand what’s going on in their own yard. (LeBuhn 2009,
18042–18793)
Providing opportunities to learn about science is a common goal in citizen science projects
more broadly—it is a fairly obvious avenue for individual development. In addition, pro-
fessional scientists often implicitly subscribe to a deficit model of science literacy (Miller,
2001; Sturgis & Allum, 2004), and evidence has suggested citizen science participation may
support “scientific thinking” in the public (Trumbull et al., 2000; Bonney et al., 2009).
Other informative content that the organizers regularly communicated were related to
gardening. These messages are intended to support project participants who have little
prior gardening experience while also offering suggestions for more experienced gardeners
to enhance observation experiences and appeal to personal interests in gardening. The less
obvious motivation for the email communications, containing suggestions for developing bee-
friendly gardens, was encouraging intervention that can improve wildlife habitats and make
a positive impact on environmental conditions.
I’m going to do this push for ‘adding a yard to your yard.’ That is, take a square
yard of your yard or garden or lawn and change it, and convert it to be habitat.
So I’ll give suggestions about what to plant, how to plant it, what it might look
like, encourage people to send in photos of what they are doing. ... It would help
increase the habitat for native bees and for honeybees. (Bombus, 19837–20287)
The GSP organizers saw further opportunity to enhance personal development with tech-
nology improvements to provide system-based feedback and data access. The ability to
compare garden pollinator performance and identify patterns in variables across gardens,
which might stimulate intervention for habitat development, was expected to fulfill a similar
role that data visualizations played for eBird contributors:
These are all like the next level of little ‘aha’ moments that go on. The point of
engagement would be the observation, and then the next level of that is, ‘oh, okay,
so I’ve engaged, I’ve collected this data, sent it in, and here’s this feedback about
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what is going on in my own garden, how I can improve habitat for pollinators?’
(Bombus, 20329–21315)
Influencing participants toward conservation or habitat improvement action is a relatively un-
common goal among strongly science-oriented projects (Wiggins & Crowston, 2012). Taking
direct action is not meta-contribution, nor even a form of contribution at all, but a different
type of project outcome entirely.
The organizers also mentioned that individual development was personally satisfying to
both participants and organizers alike. “People gain that knowledge and have that insight
about, ‘I feel bad about what’s going on on the planet, but I can actually do something in
my own world to change that, and in my own thinking, and then put those principles into
practice in my own garden.’ So that’s been a very powerful thing” (Bombus, 3092–3867)
This quote brings up the most interesting observation that project leaders made regarding
individual development: participation generated not only a feel-good response to making
a contribution to science, but was also linked to a sense of empowerment. An organizer
reported that numerous messages from participants conveyed the message that “I’ve been
feeling so depressed about bees and these conservation issues, and I feel so good that I can
do something to help. ... I’ve gotten lots of letters from people that that’s the overriding
sentiment, that I felt powerless, and now I can do something” (LeBuhn 2009, 20292–20628).
The sentiment expressed by these participants may be related to a sense of disempowerment
over the scale of environmental damage and the limitations on what any individual can
contribute in isolation. In addition, organizers hypothesized that for older adults, participa-
tion in citizen science could also provide a personally validating opportunity for meaningful
contribution to the greater good that may otherwise be lacking for retirees.
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5.6 Answering the Research Questions
Returning to the research questions, this case showed that many of the similarities be-
tween organizing strategies that were used by the GSP and the other case study projects
were not by design, in the sense of institutional isomorphism where exemplars’ practices
are explicitly copied, but seem to be good responses to common challenges that may af-
fect other citizen science projects. Surfacing and directing organizers’ attention to these
strategies could in fact lead to a greater level of institutional isomorphism as commonalities
in organizing practices become more evident. Returning again to the research questions,
the overwhelming majority of the discussion focused on the participation and organizing
processes, their interrelationships, and their influences on outputs.
Virtuality received relatively little attention in interviews with project organizers, but as
in other large-scale projects, is a fundamental element of the GSP. The distributed nature
of participation specifically influenced the choice of measures for scientific analysis because
the representativeness of samples submitted for each location is unknowable. Virtuality also
influenced project design and participation due to the reliance on information technologies
for data entry, although non-digital means for participating at a distance were also accom-
modated.
Technologies was a more prevalent theme, but information technologies were the focus,
primarily in relationship to the lack of resources to make necessary improvements that can
better address the needs of the participants, and the resulting challenges that contributors
experienced. Data entry was more than just a hurdle for the GSP; it was clearly preventing
participation or completion of participation tasks, in large part due to the biographical and
demographic characteristics of participants and their difficulty using home-grown interfaces.
At the same time, it is important to recognize that a small budget and lack of organizational
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structure directly supporting technology development were substantial constraints on the
GSP, and given these challenges, the organizers’ ability to manage a large-scale project with
suboptimal technology resources was no minor feat.
Organizing was a theme that cut across many of the topics in this chapter; it is clearly the
primary consideration in the discussions of partnerships, institutions, and sustainability. The
issue of sustainability highlighted not only the need to secure adequate financial resources to
keep a project on its feet, but also the limitations of minimal staffing and over-reliance on the
time of very few individuals. It demonstrated how quickly project organizers can adapt to
meet funding challenges when the leaders are committed to the project and have the support
of a substantial contributor base. The series of modifications to the project protocols and
related topic of contributor retention was an example of a full-scale pilot, like those reported
by other citizen science project organizers in interviews. The associated learning on the
part of the organizers and the adaptations to the participation processes supported not only
retention and contributor satisfaction, but also broadened the potential scientific outcomes
and individual benefits that could be realized.
Participation processes went hand-in-hand with organizing, especially with respect to the
participation protocol, and the biographical characteristics of the participant population had
a meaningful impact on the technology requirements for future project development. Gar-
deners proved enthusiastic supporters who are dedicated to the project’s mission, but many
individuals were impatient with waiting for plants to grow so that they could contribute.
Others lacked the basic skills to grow a flower at all, suggesting that the project has appeal
to other groups besides gardeners. Nonetheless, participation seemed to produce meaning-
ful individual development, surprisingly aligned with the idea of empowerment rather than
learning or skills. Numerous concerns over usability showed how technology can dampen
enthusiasm, but also the potential improvement to both participation experiences and sci-
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entific outcomes that could be achieved through investment in carefully designed interfaces.
Challenges that influenced the project’s scientific outcomes included learning to ask the right
questions, which became evident in analysis.
Scientific outcomes for the GSP are still in progress. Data contributions had become
adequate for producing scholarly articles, but issues related to protocol refinement, partici-
pation rates, and contributors’ ability to answer some of the questions posed to them delayed
research outputs. As in other projects, the design of the participation protocol is central
to the kind of science that can be produced, and new strategies to support year-over-year
retention of participants who submit multiple samples at the same location, increased va-
riety of plant species for monitoring, and the concurrent participation in the “Great Bee
Count” represented several promising new approaches to gathering data that may expand
the potential scientific contributions of the project.
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CHAPTER VI
eBird
6.1 Birding for Science
The tale of the origins of eBird is the stuff of legend in the birding community. The
story begins with two friends relaxing on a back porch in Ithaca, New York, discussing the
future of the birds. The two men were John Fitzpatrick and Frank Gill, Executive Director
of the Cornell Lab of Ornithology and Chief Scientist for the National Audubon Society,
respectively. The idea they generated that evening became eBird.
Fitzpatrick and Gill had a vision to use the Internet to collect data about bird distribution
and abundance on a continental (and now global) scale. The notion that average birders
could contribute scientifically-useful data was a hypothesis already being tested through a
series of citizen science projects at the Cornell Lab of Ornithology, with good success. With
the help of a U.S. National Science Foundation (NSF) grant to make a major investment
in translating citizen science to an online environment, eBird development began as the
BirdSource project. The rest, as they say, is history.
6.1.1 Project Description
eBird is a popular bird monitoring citizen science project operated by the Cornell Lab
of Ornithology (“the Lab”) (Sullivan et al., 2009), a nonprofit organization focused on bird
conservation and research and an international leader in developing and promoting citizen
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science practices. eBird allows users to keep birding observation records online:
A real-time, online checklist program, eBird has revolutionized the way that the
birding community reports and accesses information about birds. Launched in
2002, eBird provides rich data sources for basic information on bird abundance
and distribution at a variety of spatial and temporal scales.
eBird’s goal is to maximize the utility and accessibility of the vast numbers of bird
observations made each year by recreational and professional bird watchers. It
is amassing one of the largest and fastest growing biodiversity data resources in
existence.1
eBird users can submit observation data by completing online checklists of birds seen and
heard while birding. The system also provides tools that allows anyone to access eBird data
and pursue their own questions about birds. Users can query and visualize their own data
and that of others, exploring interactive maps, graphs and charts.
Contributed data are aggregated and reviewed by experts for quality when flagged as
questionable by automated data filters. The data are then integrated into the Avian Knowl-
edge Network (AKN), a public archive of observational data on bird populations across the
Western hemisphere. The data archived in AKN are also deposited into larger data reposi-
tories, such as the Global Biodiversity Information Facility (GBIF). The eBird project was
not designed to answer specific questions, but rather generate data that would be useful for
answering a variety of research questions. eBird data have been used for policy development,
conservation and land management decision-making, countless tools and reports for birders,
and scientific research across several disciplines. eBird represents a mature, well supported,
and technologically sophisticated project that has engaged volunteers internationally on a
large scale.
eBird has become one of the best known and respected citizen science projects. Its roots
go back to 1998 with the start of the BirdSource project, a collaborative effort between the
Lab of Ornithology and National Audubon, after a series of previous citizen science projects
1http://ebird.org/content/ebird/about
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demonstrated the viability of online scientific data collection from volunteers. BirdSource
began building the technological foundations to fulfill the ambitious vision of providing online
tools for collecting data about birds from anyone, anywhere. An NSF grant supporting
the Citizen Science Online project transformed the BirdSource project into eBird, which
launched in 2002 with a focus on North American birding, as well as a number of related
projects such as the award-winning All About Birds website.
Initial reception by the birding community was lukewarm, however, and contributions
plateaued within a couple of years. Certain that there was far more potential than was
immediately evident, Fitzpatrick instructed the project team to “turn it on its head.” And
they did. When eBird version 2 was released in 2005, the birding community’s reaction was
immediate and positive. Instead of asking volunteers to do “birding for science,” the project
organizers created a tool that birders wanted to use for its own sake, making the scientific
value of the data a secondary benefit from the contributors’ perspective. Contributions
immediately took an upturn, and the graph of observation records accumulating over time
became an exponential growth curve that shows no sign of slowing (see Figure 6.1.)
The substance of the changes to the system involved improved usability, marketing, and
tools for birders to manage and explore bird data. The nature of the experience for birders
was meaningfully changed: instead of doing science in their free time, their leisure activities
were transformed into science. At the same time, two new project leaders with excellent
reputations in the recreational and scientific birding communities were hired, bringing new
expertise in global bird distribution and increased access to the social network of “hard-core”
birders. The strategic decision to focus primarily upon serious birders as primary users of
eBird made these project leaders particularly well qualified for developing solid community
relationships and recruiting contributors. A third project leader with additional expertise
in taxonomies was added in 2007 to help support the swiftly increasing user base and the
226
Figure 6.1: Diagram of the accumulation of records in the eBird database over time.
closely related Avian Knowledge Network project. The AKN was built on data from eBird
and other citizen science projects at the Lab of Ornithology, and created a freely available
collection of ornithological data sets. The dissemination of eBird data through the AKN,
and the creation of the eBird Reference Data Set as a value-added scientific data product,
made the data more accessible to researchers by providing a curated research-ready data set
without requiring them to learn how to retrieve data from either eBird or AKN.
The second major revision, eBird Global, launched in June of 2010 and added the ca-
pacity to accept observations from anywhere in the world; previously, it could only accept
observations in North America and a few other countries. Organizers reported that expert
birders had expressed reluctance to adopt eBird as their primary bird record management
tool because it was not able to accommodate observations from around the globe. For these
individuals, whose observations are highly desirable due to their expertise and geographic
diversity, the capability of storing their worldwide birding records in a single system was a
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prerequisite to adoption. By the end of the year, data had already been submitted for 211
countries and over 9,000 bird species. eBird version 3 was released in November 2011, with an
updated, streamlined data entry interface, improved interactive species and range maps, and
the ability to embed photos with observations. These improvements supported participa-
tion through simplified data entry and exciting visualizations, while supporting data quality
by allowing users to provide photographic evidence to substantiate otherwise questionable
sightings.
Over time, eBird has achieved critical mass. Interviewees discussed project outputs in
terms of the volume of eBird’s contributions with a number of metrics: growth over time,
number of observations, number of locations, number of species reported, number of countries
for which data are reported, number of contributors, number of data users, and regional
variations in contribution rates.
By the numbers, approximately 20,000 active data contributors at any given time are
producing data that another 125,000 individuals consume (Pterodroma, 7463–7839). To
date, about 45,000 participants have contributed a total of around 80 million observations,
representing the largest biodiversity data set contributed by a single organization to GBIF
(Dendroica, 9523–9892). The observations span 800,000 individual locations and 40,000
shared locations in 229 countries, with records for over 9,000 of the 9,969 living species listed
in eBird (Fusca, 14521–14603; Dendroica, 21243–21419; Dendroica, 25431–25515). Data
submissions are lowest during the month of July and peak during spring and fall migration
periods, but on average, observations are added and updated at a rate of 50,000 database
changes per day, and the total number of new observations being submitted ranged from 1
to 3 million per month as of 2011 (Pinicola; Meleagris, 25129–25247; Dendroica). In 2009,
contributor activity added up to 80 person-years, and that was just the time spent birding
(Stercorarius, 42674–42738).
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eBird is widely considered one of the most successful citizen projects in existence. It has
been supported by numerous grants and partnerships and recognized for its sustainability.
Its adherents give glowing reviews of the software, all the while asking for more features. In
exchange, users are continually contributing ever more data.
At the same time, other projects that attempt to emulate eBird have been less successful
in achieving similar outcomes. This brings up the question of whether eBird’s results are
unique to birders and birding. The answer is, maybe.
One of the keys to eBird’s success has been its strategic integration with the birding
community’s existing practices. Another important insights was recognizing that feedback
provides crucial motivation for users by satisfying their personal interests. To the extent that
projects focusing on other taxa are able to insert themselves into a community of practice and
provide user-pleasing features, similar successes may be possible. The question that other
projects must therefore ask is what they can provide to their contributors to motivate such
high levels of engagement. From this perspective, the long history of friendly competition in
the birding community (as well as its size and networks) may in fact prove unreproducible.
6.1.2 Organizational Context
As one of the largest units in the Cornell University system, with over 250 employees, the
Lab of Ornithology operates at arm’s length from the rest of the university, taking advantage
of collaborative and infrastructural resources while maintaining an independent identity as a
nonprofit organization. The Lab is comprised of a number of departments, several of which
operate citizen science projects with varying levels of interdepartmental cooperation. eBird
is the flagship project of the Lab’s Information Science department, which focuses broadly on
the use of computing technologies to support data-intensive research in ornithology through
a variety of projects, including eBird.
Both organizational mission and project goals guide eBird’s design and management de-
229
cisions. The stated mission of the Cornell Lab of Ornithology is “to interpret and conserve
the earth’s biological diversity through research, education, and citizen science focused on
birds.” Interviewees consistently mentioned ways that the eBird project fulfills the Lab’s mis-
sion by supporting scientific research, and also referred to the mission as a way to determine
suitability, scope, or priority of projects. Conservation outcomes are also achieved through
scientific research, addressing multiple aspects of the Lab’s mission. A partner organization
leader noted, “each of us have a slightly different mission, and I think they complement each
other in some really great ways” (Columba, 7839–7963). The goals of the eBird project are
simple: to collect bird abundance and distribution data on a global scale.
6.1.3 Data Collection for eBird
The remainder of this section describes the data collection sources and strategies for this
portion of the study. Data collected for the eBird case study included the following sources:
• Interviews
• Participation and observation
• Documents
These sources of data are complementary, revealing different aspects of and perspectives on
the eBird project, and allowing for data triangulation.
Interviews
I conducted interviews with a total of fifteen individuals whose work relates to eBird.
Eight interviews were held in person at the Lab of Ornithology, and seven were conducted
by telephone or Skype. Interview were 60–90 minutes long, based on a semi-structured
interview protocol. The interview protocol provided an initial starting point for data collec-
tion, but evolved as individuals in different roles were able to address different aspects of the
project. Several interviewees answered follow-up questions by email after the interview. Ver-
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batim transcriptions of thirteen recorded interviews and detailed notes from two unrecorded
interviews were analyzed according to procedures from grounded theory methodology.
The individuals who provided interviews were sampled on the basis of coverage and
breadth, both intra-organizationally and interorganizationally. One of the project leaders
served as a key informant, and recommended most of the other interviewees based on the
criterion of identifying individuals with differing opinions and perspectives on eBird. Other
members of the eBird team and Lab made similar recommendations that helped bring greater
organizational and role diversity to the sample. Several of the interviewees are only loosely
connected to the project, and therefore provided a different point of view that balanced the
enthusiasm of highly involved organizers. Although attempts were made to contact indi-
viduals whose views on eBird might be less favorable, these individuals declined to provide
interviews despite assurances that their perspectives would be valuable.
Pseudonym Role Affiliation Birder Status
Dendroica Director Lab of Ornithology eBirder
Diomedea Portal organizer Partner organization eBirder
Ceryle Manager Lab of Ornithology Non-birder
Circus Organizer Partner organization Non-birder
Columba Scientist Partner organization eBirder
Elanoides Staff Lab of Ornithology Birder
Fusca Technical staff Lab of Ornithology Casual birder
Meleagris Technical staff Lab of Ornithology Casual birder
Otus Portal organizer Partner organization eBirder
Passerina Scientist Lab of Ornithology Non-birder
Pinicola Project leader Lab of Ornithology eBirder
Platalea Technical staff Lab of Ornithology Non-birder
Pterodroma Project leader Lab of Ornithology eBirder
Setophaga Director Lab of Ornithology Casual birder
Stercorarius Project leader Lab of Ornithology eBirder
Table 6.1: Interviewees for eBird case study
Interviewee roles and relationships to the project and the Lab are summarized in Table
6.1; pseudonyms are based on the Latin names of bird families. All three of the project
leaders, plus three technical staff and three other staff in the Information Science department
provided interviews, as did two additional staff members from other departments in the
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Lab. Of the eleven interviewees who are staff members of the Lab of Ornithology, three
were in management positions, while others had primarily technical, marketing, or project
management duties, providing a broad range of perspectives within the organization.
This sample provided perspectives from both the project leaders and technical staff for a
multifaceted view of the project development and supporting technologies. A former eBird
team member and a current research scientist offered complementary views, enriching the
narratives of project history and current initiatives in data-intensive research. The sam-
ple included individuals at multiple levels of the Lab’s organizational hierarchy, and across
several departments, eliciting views that ranged from very specific and detail-oriented (e.g.,
from technical staff) to the proverbial bird’s-eye view (e.g., from department directors). In-
terviewing people from partner organizations that work with the Lab in different ways and
have varying relationships to the eBird project allowed me to gather external perspectives
that complemented the internal point of view, including data users and portal organizers.
The organizations that they represent are a mix of long-term partners and recent collabora-
tors, which further reflected on the project’s history and evolution. Since these individuals
included organizers with experiences from three countries outside of the U.S., they also
brought international and cross-cultural frames of reference, which were particularly helpful
for contextualizing eBird’s expansion to global scale data collection.
The interviews were a primary source of data for the case study. They reflect the views
of eBird’s organizers and leaders of partner organizations. At the same time, they are also
reflective of the views of some portion of eBird participants, as several interviewees are long-
term members of the birding community, use eBird regularly, and expressed very similar
sentiments to those of “ordinary” eBirders observed during participant observation.
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Participation and Observation
My participant observation in eBird involved birding, monitoring and participating in
birding listservs, recording my own usage of eBird over time, and attending meetings at the
Lab of Ornithology. This experience was an integral part of the research. While I am not
an “average” eBirder, I match its new user demographics in several categories.
At the time that I began fieldwork, I had no birding experience whatsoever. Genuine
participation in eBird meant that I had to learn how to bird. Learning to bird required a
substantial time investment in learning how to identify wild birds, and additional investment
in binoculars, field guides, and other equipment and supplies. Field notes related to these
birding experiences were made periodically throughout the study.
My first eBird checklist was submitted on July 22, 2010. By the spring of 2012, I had
contributed around 1,300 checklists with more than 290 species. For 2010 and 2011, I logged
over 300 hours of birding on eBird checklists, equivalent to about eight 40-hour work weeks,
and spent an approximately equivalent amount of time on data entry, poring over field guides,
and listening to audio recordings of bird calls. While my species totals are modest for any
one region, I have entered quite a few checklists, ranking #10 in the state of New York for
complete checklists contributed in 2011.
Most of the active birding community communicates through email listservs. I subscribed
to two local birding email lists (oneidabirds and cayugabirds) and the eBirdTechTalk Google
Group. After extended lurking to learn community parlance and norms, I contributed to
both oneidabirds and the eBirdTechTalk group occasionally, sending birding reports and
comments on eBird features. I also beta tested and provided feedback on a new data entry
interface in late 2011 and a third-party mobile application for eBird data entry in early 2012.
The email listservs provided a more thorough understanding of the broader context of the
birding community and contextualized the community practices that interviewees discussed.
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These interactions also showed commonalities between my birding and eBirding experiences
and those of others.
I maintained records of my learning process using eBird by recording data entry and
site use with think-aloud sessions recorded with the Silverback usability testing software.
The differences between novice and expert sessions were quite dramatic, and demonstrated
substantial gains in proficiency of site use. My experiences using the eBird website provided
me with direct experience in how a new user and expert user experience the site and use its
tools.
In addition to interviewing several staff at the Lab, I also spent considerable time on
site interacting with staff and the broader Cornell University community in the context of
a graduate seminar and a reading group. I attended at least 24 meetings over the period
between July 2010 to November 2011; each meeting was between one and three hours long.
These visits served my intellectual interests and also brought me into close contact with the
organizational culture in which eBird is situated; after months of weekly and then bi-weekly
visits to Ithaca, several employees jokingly referred to me as “adjunct staff” of the Lab.
As I came to appreciate the organizational complexity of the Lab as well as the broader
organizational field, this close relationship with Lab staff proved a valuable resource for
better understanding the eBird project.
All of these forms of participation and observation contributed to substantially strength-
ening the research. I experienced the common challenges and triumphs of developing bird
identification skills, learned the vocabulary of birding, and came to appreciate birders’ fas-
cination with both birds and keeping lists of them.
Documents
Internal documents Nearly 200 documents were provided directly by Lab staff, including
the original grant application files and related documentation, project evaluation and user
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survey reports, instructions for volunteer hotspot editors and reviewers, “canned” template
messages used for communication with project contributors, and numerous other materials.
These documents provided insight into the project’s development processes and the evolution
of eBird.
Public documents Documents from public-facing sources such as blogs, email listserv
archives, web site content, popular press and scholarly articles were also collected where
pertinent to better understanding the project. These documents included blogged interviews
with project leaders, articles about eBird, specific news entries and help text in the eBird
website, and similar materials. These documents reflect marketing and public perspectives
on eBird, user interactions with the project, and research outputs, further contextualizing
internal processes and perspectives.
The following section describes the information technologies supporting participation, and
the processes of contributing to eBird.
6.2 How eBird Works
The following description of how eBird functions as a technology provides a foundation
for later discussion of themes such as organizing, institutional influences, and designing
technology that meets the needs of both scientists and birders. This overview of the main
public-facing features of eBird is followed by a brief description of the primary contribution
tasks that involve members of the public as contributors to scientific research.
6.2.1 eBird Functionality
The primary technology supporting eBird is the custom online data submission and man-
agement software, wrapped in a content management system that provides functionality for
communicating essential information for and about the project, with a presentation layer
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for user interfaces. The unique core features include lists, alerts, and a wide variety of data
reports, both personalized and general. It is this set of technologies that was responsible for
the sharp increase in participation following the 2005 redesign of the site.
Lists
Lists are central to birders. The ways birders describe one another in the birder commu-
nity usually hinges on the degree to which the birder is engaged in “listing.” Labels such
as “lister” refer to the most engaged and expert birders, who are driven to collect species
sightings, going to extensive lengths to see new species (however briefly) and add them to
their life lists, the list of all birds they have seen in their lifetime. Maintaining a life list in a
centralized online repository is one of the services that eBird provides (see Figure 6.2), and
is the most basic functionality that such a data repository can provide to individuals: the
ability to view their own data (Pterodroma).
Figure 6.2: A life list of birds reported on eBird.
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Birders’ common interest in aggregating all personal bird observation records over a life-
time is one of the reasons that global expansion was important for eBird, as globe-trotting
birders are less likely to be interested in managing their North American data separately from
their sightings from the rest of the world. There are over 10,000 species of birds worldwide
(and over 22,000 subspecies), with under 1,000 in North America and over 3,200 in South
America. Data from birders who travel extensively can be very valuable, as the increasing
geographic scale of the data further increases its utility.
Lists also support a number of friendly competitions to make the claim “I have more
birds than you do” for some combination of time and space. eBird’s list features, found in
the “My eBird” and “Explore Data” sections of the website, clearly appeal to listers, both
casual and the more fanatical “twitchers” for whom the expansion of the life list approaches
obsession. The default lists include lifetime species numbers, and numbers of species broken
down by both temporal and geographic units, e.g. the number of birds seen in Onondaga
County in 2011.
Alerts
Alerts are another feature that appeal to birders. These are customizable alerts retrieved
online or delivered daily by email. Alerts provide real-time information about sightings of
birds species that a given eBirder has yet to record in their eBird life list or year list. The
web-based summaries show the comments made on the sightings, which may include the
specific location of the birds, and also whether the sighting has been verified, in the case of
rarities. These alerts can be constrained to specific geographic ranges set by the user, so
that someone willing to travel only within their home county can benefit just as much as a
person who will hop a jet at a moment’s notice to see a new bird species.
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Reports
The reporting functionality that eBird provides is exceptional in the world of citizen
science projects; eBird’s data reporting includes both public and personal reports. The tools
provide several forms of publicly available data visualization and reports, and these features
are used by both eBirders and eBird’s broader audience of data users. The primary categories
of data tools are global range maps, bar charts for species occurrence throughout the year
for any geographic region, and graphs or maps for specific species and locations, as shown
in Figure 6.3.
Figure 6.3: An eBird bar graph report of birds seen at a specific location.
Additional reports are inspired by existing birder practices and established procedures
for sending rare sightings to other ornithological organizations. eBird also provides access
to downloadable data for all reports, substantially expanding the utility of the service.
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Rankings
Various contributor ranking reports also appeal to the birding community. eBird capital-
izes on friendly competition by providing “Top 100 eBirders” rankings, which show person-
alized summaries for logged-in users. These rankings can be retrieved at multiple geographic
scales from county to world, not only according to number of species reported, but also by the
number of complete checklists submitted, which provides further incentive for contribution.
Birders who are not able to compete on number of species can still attempt to rank highly
for the number of checklists that they submit (and likely raise their ranking in number of
species in the process.)
Patch and Yard Lists are another form of rankings. They are a re-imagining of the
“site survey” project in which eBird had tried, unsuccessfully, to encourage participation in
repeated monitoring of individual sites. The site survey served science and not birders, in that
it simply requested people to make repeated observations of a favorite location, and sounded
like a substantial additional commitment with respect to the regularity of observation that
might be expected from a contributor. Keeping track of all the species that have appeared
at a favorite birding location, called a “patch,” or in a person’s yard, however, are highly
motivating to birders who enjoy seeing lists and the easy access to graphs for their favorite
locations.
TrailTrackers
The eBird TrailTrackers are kiosks designed for use in wildlife refuges and nature centers.
The kiosks are extensions of the eBird platform are customized to include the trails specific
to the location, and allow visitors to report sightings through a simplified touch-screen in-
terface (shown in Figure 6.5) either with or without an eBird account. The data reported
anonymously through the TrailTrackers becomes part of the eBird data set under a generic
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Figure 6.4: A “Top 100” report showing the rankings of eBirders in New York by number of checklists
submitted in 2011.
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account for the location. TrailTracker users can access recent sightings and additional infor-
mation on species for that location, making it easy for a visitor to look up the most recent
sightings when they begin a visit at a wildlife refuge visitor center, and to report their own
sightings before they depart.
Figure 6.5: The eBird TrailTracker’s interface for assigning observations to specific locations.
The TrailTracker interface also permits users to report sightings at finer spatial granularity
by allowing them to locate sightings on specific trails or specific locations along a trail.
For natural resource managers, such fine-grained detail can be used for monitoring specific
animals, e.g., the Great blue herons that nest in Sapsucker Woods, the wildlife sanctuary in
which the Lab is situated.
Review Tools
Regional reviewers (also known as editors) have access to a special set of tools for creating
filters to automatically flag unusual sightings and for reviewing flagged records. Initially, this
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kind of quality review was conducted using SQL queries that checked for suspicious data.
With growth of online data submission for several Lab citizen science projects, creating a
review tool that worked across the projects became a priority. The data for each project
has the same basic structure, making it possible to leverage the development effort required
to produce review tools for any one project to support all of them. Reviewers often consult
a variety of external resources (e.g., weather records) to validate observations and use tools
like Excel to manage large numbers of flagged records, indicating that these tools are not
comprehensive to the task at hand.
The numerous features of the eBird system support the core tasks of data contribution,
described next.
6.2.2 Data Contribution Tasks
The basic process for participation via data contribution is fairly simple. A birder goes out
birding, and makes a list of the birds observed, following one of several protocols (incidental,
stationary, traveling, or area.) Along with the information about species encountered, details
about the participation effort for the chosen protocol are also recorded: date, starting time,
elapsed time, and number of observers, with some protocols requiring additional details
about distance traveled or area surveyed.
The precise details of how a birder makes these records can vary substantially by in-
dividual; it is common practice in the birding community to draw up retrospective “day
lists” of notable species observed during a day of birding. The traditional day list, however,
does not typically contain the effort information needed for data aggregation, nor counts of
birds, records of all species seen, or separate checklists for different locations. When these
items are missing, it makes the data less useful for scientific research. The additional step
of quantifying effort for everyday birding was described as:
...the new concept about this. The birding crowd is familiar with doing that for
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Christmas [Bird] Counts, and Breeding Bird Surveys, but beyond that, pretty much
the rest of the year they would just go to wherever they want, and not really think
about how they’re looking, what sort of effort they’re putting in. (Stercorarius,
41426–42154)
By contrast, an eBirder might keep pencil and notepad at hand the entire time she is
in the field, starting off by noting the time and location, jotting down every observation
as they occur, and finishing up the trip by noting the ending time and distance or area
covered, as appropriate. As one organizer observed, writing down observations on paper
in the field is a necessary step (Circus); applications for handheld devices are not yet up
to the task (although they are rapidly improving) and trusting observation to memory is
unreliable. Later, the birder enters the data through the eBird web interface or uploads data
using specially-formatted email messages or Excel spreadsheets. As soon as the checklist is
submitted, the birder’s life list and all other lists are automatically updated with new totals.
Within 6 hours, the data are available through the eBird API and appear in the BirdsEye
mobile app. Within 24 hours, the new observations are combined into range maps and other
publicly available reports on the eBird website. The rankings for Top 100 eBirders, Yard
Lists, and Patch Lists are also updated daily.
These contribution tasks are further supported by meta-contributions, defined and dis-
cussed below.
6.2.3 Meta-Contribution Tasks
“Meta” contributors support the contributions of others (Crowston & Fagnot, 2008). In
eBird, these individuals are hand-selected by the project leaders as trusted contributors for
a locale, and include hotspot editors and regional reviewers.
Hotspot editors review locations suggested by eBirders for potential inclusion as shared
public locations where more than one person may submit data (as opposed to a private
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location which is not public and not shared.) Interestingly, this terminology is slightly at odds
with the usual birding community vocabulary, in which a hotspot refers to a location that is
consistently particularly good for viewing birds, rather than simply publicly available. The
editors are provided with a few pages of instructions, which include the naming conventions
for locations in eBird. These individuals need only have local geographic knowledge to judge
whether the locations submitted by other users are suitable for listing as a hotspot.
Reviewers examine data that are flagged by eBird’s filters and verify the sightings, playing
a crucial role in quality control. eBird’s reviewer network includes approximately 400-500
individuals in North America, with a handful of international reviewers. Performing this role
often requires consulting historic records for the location, plying personal local knowledge,
and email exchanges with the data contributor. The task of reviewing records is sufficiently
complex as to require a 29-page instruction manual and a supplemental guide to using Excel
with eBird data downloads. After reviewing flagged records, the reviewers render a judgment
of whether the sighting is valid or not, which is then added to the record; observations that
are considered invalid still appear in the user’s life list and certain data outputs where they
are annotated as such.
Reviewers are local experts, selected for their expertise and willingness to volunteer their
time. They have the power to not only review data but also to craft the filters that will flag
unusual observations. These filters are set at the level of a geographic area (often a county,
where applicable) and are at monthly intervals, because the appropriate species for a given
location change throughout the year. Creating these filters can take several hours, depending
on the resources that must be consulted, and require maintenance over time. Contributing
as a reviewer requires a substantial additional volunteer work commitment (several hours a
week for most locations), and it is clear from the delay in data review that some reviewers
are periodically overwhelmed with records that require review.
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The time commitment for reviewing varies, as described by a project leader:
It depends on the state. It’s certainly a couple hours a week for most places.
That’s not counting any filter creation or anything. To do a good filter can take
a couple hours or many hours, depending on...how much you have to look up, and
how much can you do off the top of your head. (Stercorarius, 25995–26310)
The detail-oriented reviewing and editing tasks represent “a lot of fiddly work going through
those flagged records and dealing with hotspots” (Otus, 12267–12686). At the same time,
eBird project leaders hope that reviewers will go beyond the minimal commitment of re-
viewing flagged records: “we like to encourage people to use some other tools to help us
look for problems, like misidentification of goshawk is a problem nationwide” (Stercorarius,
26422–26752). While no one discussed the motivations of these meta-contributors, besides
the satisfaction of being recognized as a local expert, it stands to reason that their personal
interests are likely to be somewhat different from those of average eBirders.
6.3 Organization and Organizing
eBird’s organizational context and project history laid the foundation for its current
leadership structure, the staff who are responsible for organizing participation. These factors
also led to a strong sustainability plan to ensure eBird’s long-term operation. The topics of
project leadership and sustainability are the focus of this section.
6.3.1 Project Leadership
The BirdSource project was initially staffed with four employees who were internal hires
from departments within Cornell University. The staffing strategy changed as the project
developed, grew, and became eBird. It now functions as a distributed team, with the em-
ployees working on eBird spread out across the U.S. Employing a virtual project team not
only permitted the Lab to retain premiere birders as project leaders, but also helped the
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project leaders maintain stronger regional links to the local birding community and facili-
tated broader outreach in North America.
Strategically, this has proven valuable. By hiring well-known and respected birders to
manage the project, who have a strong sense of the birding community’s needs and desires,
the project also benefits from the associated positive reputation of these project leaders.
Part of creating a mutually-agreeable arrangement for the project leaders was ensuring that
they are able to work virtually, and could take time to continue their professional birding
activities. These additional activities, such as leading birding tours and editing popular bird-
ing magazines, continued to reinforce the positive reputation of eBird through the visibility
of its project leaders.
Internally, the eBird project leaders work with database administrators, an interface de-
signer, and a web applications developer to implement site development decisions. The eBird
team also includes a research statistician who works with data modeling based on eBird data,
and the Avian Knowledge Network staff, most of whom are assigned partial time to AKN
as well as other projects. Only the web applications developer is employed to work on eBird
alone; the others split their time between eBird and other projects. As a result, the project’s
official staffing includes only about 4–4.5 full-time equivalent employees, depending on the
funding available and development projects in progress. Within its organizational context,
the eBird team is also unique in being relatively self-contained, meaning that all the dedicated
full-time and part-time staff who are employed to work on eBird are part of the Informa-
tion Science department at the Lab. Other citizen science project teams at the Lab include
members of multiple departments. The project receives additional support from other Lab
departments as needed, such as promotion from the Marketing department, press releases
from the Communications department, and evaluation from the Program Development and
Evaluation department.
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With respect to organizational human resources, a broader skill and knowledge base has
been developed with lower direct investment by the project, partly because most eBird
staff are assigned to the project part-time. eBird has also received more resources than
other citizen science projects at the Lab, causing some envy from other groups and leading
to the perception that “eBird is the favored child” (Ceryle, 11143–11338). The intellectual
resources available to the project are impressive; eBird draws upon the expertise of biologists,
statisticians, and computer scientists, plus the complementary domain knowledge areas of
each of the three project leaders. This is achieved primarily through interorganizational
partnerships.
While resources are always in limited supply, organizers also remarked upon how effec-
tively eBird has operated with a relatively small staff. This observation extends from the
eBird project team to portal organizers, who are paid by other organizations to promote and
use eBird. One individual observed that the entire North American continent is managed
by a total of about six staff positions, spread across multiple organizations: “that’s what’s
really exciting to me, is that you can do this kind of thing with such a small team” (Otus,
33414–33532).
In addition to the project’s official staffing, of course, the larger network of contributors
is a substantive part of the eBird project organization, and eBird portal organizers play
a special role. They act as local ambassadors for eBird, working with the project leaders
to create a localized or organization-specific eBird portal. The customizability provided
the portal organizers with simple branding and access to a content management system for
dissemination of customized materials and content of local or organizational interest, while
hardware is managed by the eBird team and all data are stored the central eBird database.
Portal organizers work on customization, which includes tasks like language translation
and the creation of instructional materials suitable to their country, local region, or mem-
247
bership. They also recruit contributions to their portal, plying their own personal social
networks to enlist birders as eBird users. Most eBird portal organizers are employees of
ornithological organizations, and organizing eBird contributions through their local portals
is a part of their job. Although portal organizers do not have decision-making power with
respect to the eBird system, they control several aspects of their portals. The portal or-
ganizers’ work supports eBird’s expansion and they are evangelists who play an important
role in extending the project’s reach: “another thing I do is promoting eBird, and making
sure that the [portal] website is up to date, and answering questions that participants have,
encouraging participation, helping people upload data” (Otus, 2355–2955). In some cases,
portal organizers work in close collaboration with the eBird project leaders; for example, an
individual from a partner organization is responsible for the French language translations.
These portal organizers effectively extend the human resources available to eBird by adding
to the leadership and coordination capacity at no additional cost to the project.
eBird’s success has also yielded substantial funding to support the project, with over $6
million in grant funding since the project’s inception (Dendroica). Although this is a large
figure, the grant awards were received and expended over a period of ten years, and expecta-
tions are high for a well funded project. Initially, the Lab provided internal venture capital
funding to support the original BirdSource project development, which was a particularly
valuable benefit of starting the project in a unique institutional environment. Since repay-
ing the internal debt with grant funding from the NSF, the Information Science department
developed a project sustainability plan which has been recognized for its excellence (Maron,
Smith, & Loy, 2009).
To support eBird’s long-term viability, a variety of revenue sources support ongoing
project maintenance. The assurance of project sustainability is important for convincing
top-level contributors and data consumers to rely on eBird as an authoritative data source
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and as a data management tool, and even more so as an increasingly longitudinal data set
is developed. Developing a long-term data set brings up questions of project sustainability,
which are addressed next.
6.3.2 Project Sustainability
eBird’s model for fiscal sustainability has been internationally recognized for its excellence
by external groups, who highlighted this structure as a model for sustaining digital resources
(Maron et al., 2009). The general approach can be summarized very simply: “We use NSF
money for innovation, and use other resources for sustainability” (Dendroica, 7718–7971). A
similar funding model is in place for the AKN, although staff noted that “the project funding
has declined recently, so we’re sort of in a maintenance mode now” (Meleagris, 6764–6866).
In spite of current resource constraints, this model for long-term sustainability kept the AKN
active and available to researchers.
eBird’s revenue sources included sponsorships, portal software licensing, endowment pay-
outs, and kiosk fees for the eBird TrailTrackers. These income streams covered the costs of
4.25 full-time employee equivalents, including the project leaders, a web developer, depart-
ment administrators, and a database administrator (all partial time with the exception of
the web developer.) The project’s non-personnel expenses included hosting and technology
costs, as well as overhead paid to the Lab of Ornithology to support organizational infras-
tructure (Maron et al., 2009). This funding structure meant that eBird did not rely directly
on grant funding (which was used to start the project), but other projects in the Information
Science department support employees who spend partial time on eBird, which provided an
indirect subsidy that helped minimize project staffing costs.
The revenues generated by software licensing and kiosks represented a form of franchis-
ing that promotes eBird to new audiences, serving multiple purposes. Approximately 30
customized eBird portals brought in an initial set-up fee and an annual maintenance fee; a
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similar model with an initial set-up fee and annual service fees applied to approximately 40
kiosks that are rented to nature centers. Sponsorship funding supplemented these revenue
streams, although it was considered vulnerable to economic pressures. Notably, the organi-
zational infrastructure offered by the Lab of Ornithology has allowed the project to operate
at a deficit at times due to start-up costs for new developments, such as the kiosks, but these
loans must be repaid to the institution to maintain the good standing of the Information
Science department for similar future investments by the organization. This internal venture
capital arrangement was a substantial advantage to the eBird project as it expanded over
the years.
A report by the ITHAKA research group on sustainability of digital resources highlighted
several broader implications from eBird’s example (Maron et al., 2009). They noted that
successful engagement with contributors is a result of deep understanding of user needs and
interests, but rapid shifts in strategy may be necessary to maximize value, a lesson learned
from eBird’s resounding success in its version 2.0 release as compared to its initial reception.
The sale of customized services helps support open access to the data resources, which is
a central mission of the project, and notable because in general, successful funding models
for open access repositories are notoriously challenging to arrange. The institutional sup-
port for new initiatives also helped support eBird’s innovative approach while advancing the
organization’s mission, tying project sustainability to several important contextual charac-
teristics. Diversifying revenue streams to include multiple sources with different levels of
vulnerability to external conditions clearly benefited the project, but realizing these benefits
required expertise, infrastructure, and strong partner relationships. The institutional envi-
ronment surrounding eBird helps support grantwriting, endowment management, contract
negotiation, and access to individuals with the necessary domain and technical skills.
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6.4 Institutional Influences
In addition to its organizational context, institutional influences affect eBird’s organizing
processes primarily through partnerships. The broader impacts of eBird’s relationship to
other members of its organizational field include third-party adoption of eBird as an infras-
tructure to support their own projects and collaborations. These themes are explored in this
section, which expands upon the description of eBird’s organizational influences to include
the broader set of relationships that have an ongoing influence on project development.
6.4.1 Institutions and Partnerships
Most of the members of eBird’s organizational field to which interviewees referred are
domain-specific: Audubon, Bird Studies Canada, BirdLife International, several Bird Ob-
servatories, federal agencies such as the U.S. Fish and Wildlife Service and U.S. Geological
Survey, ornithological societies, and other bird monitoring projects and programs. Several
related projects are also operated by other departments in the Cornell Lab of Ornithology,
including the Great Backyard Bird Count and Project FeederWatch. While these projects
may appear to be potential competitors to eBird, they have different participation structures
and typically target different groups of contributors, with eBirders being the most advanced
and “avid” birders. The more extended network of institutions mentioned by interviewees
included governmental authorities and numerous small conservation organizations. Most of
these are only distantly linked to eBird, but nonetheless represent potential sources of new
contributors or data users even without formalized organizational partnerships.
Through its success with eBird and subsequent projects, the Information Science depart-
ment has accumulated a wide variety of collaborative partners that support its activities.
These partners range from localized groups that deployed an eBird portal—putting their own
branding and content around eBird’s core data submission and management functionality—
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to high-performance computing groups, such as TeraGrid and Oakridge National Research
Labs that provided access to grid computing resources for data-intensive analysis and mod-
eling. Collaboration with more than a half dozen university computer science departments
helped the project develop new tools, algorithms, and ways of analyzing the data with novel
data mining techniques. Cross-disciplinary partnerships have revealed a variety of other ar-
eas in which the eBird data provide a valuable resource to address scientific interests. Both
eBird organizers and their colleagues are involved in data mining research, developing new
statistical methods, analysis of user behavior, and high performance computing. Although
the project was not designed with these purposes in mind, the nature of the data that are
generated, and the volume of the data, have met a broader range of scientific interests than
its founders could have foreseen. These partnerships also bolstered project sustainability by
providing access to new sources of funding for addressing an increasing variety of scientific
interests.
Often referred to as partners, these members of eBird’s organizational field sometimes
provide additional resources, which are presumably mutually advantageous arrangements.
In some cases, eBird was a resource and tool that other organizations use to support their
organizing processes, while eBird has interacted and partnered with numerous organizations
in the process of organizing its own activities.
This was most evident with eBird portals. External groups can commission an eBird
portal branded for their own uses, with service provided by the Lab. Each of these arrange-
ments represents an interorganizational partnership that brings the project in closer contact
with other members of the organizational field. They represent both a revenue stream and
a long-term formal relationship between eBird and an external organization. They serve
the eBird project goals and Lab mission by leveraging existing social structures to increase
exposure and adoption of eBird. In addition, these partnerships demonstrate that eBird is
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providing valued infrastructural services to other organizations.
[They] basically came to us and said, we have the need for these tools and we have
the community of people that wants to use them and we said, okay, here you go,
take it. And they develop their own data quality filters, and basically we manage
the hardware side of things and make sure that everything runs smoothly, but our
goal is to just enable whatever group worldwide that wants to do that with these
tools. (Pterodroma, 18230–18662)
These partnerships were clearly a mutually beneficial arrangement. The portals provided
eBird with access to a much broader global networks of organizations, societies, clubs, and
agencies that are concerned with bird conservation and research. In addition to the poten-
tial benefits for contributor recruitment and expanded audiences of data users, the portals
can also lead to greater institutionalization of eBird monitoring protocols, which implicitly
advances scientific data sharing.
Partnerships can also influence aspects of the scientific research; for example, Audubon
coordinates with the U.S. Geological Survey to ensure that analyses of the annual Christmas
Bird Count and Breeding Bird Survey are complementary (Columba, 4168–4533). Likewise,
when the Deep Horizon oil spill flooded the Gulf of Mexico with toxins, the eBird team
quickly implemented a new interface for reporting oiled birds, with a slightly modified pro-
tocol developed through partnership with National Audubon. In turn, Audubon worked
with the U.S. Fish and Wildlife Service to coordinate use of the eBird data to evaluate
the effectiveness of the strategies employed to mitigate the damage from the oil spill. An-
other partner project organizer noted that if their collaborators, state and federal agencies
and conservation organizations, were to adopt eBird, it would further simplify data sharing
among conservation partners (Circus, 40148–40762).
Providing a type of infrastructure service has been one of the strategies that supports the
eBird project’s sustainability. Technical staff identified related implications for technology
development, highlighting a specific need:
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...to be able to adapt faster to different situations. The [Deep Horizon] Gulf oil
spill is a good example of that. There was a pretty immediate need to be able to
record data about dead birds and oiled birds. Right now the way the UI is built
doesn’t give us a lot of flexibility that way. So that’s one of the big things that
we’re working on right now...the code revamp, to be able to build that quicker, but
also keep it easier to use. (Platalea, 6003–7430)
He went on to explain that a custom interface was required for each new protocol, and in
planning system improvements, the eBird team reviewed similar past projects to identify
common needs for rapid reaction situations. This process demonstrates the strong influence
that partnerships can have on the technology itself. The influence of partnerships also arises
with new features developed for eBird portals and then deployed more widely (Wood et al.,
2011), which is further evidence of the infrastructural role that eBird increasingly plays
within its broader organizational field.
A completely different set of sociocultural considerations come into play with globalization
of the project, development of a cross-cultural contributor base, and development of inter-
national partnerships. An international portal organizer described the cultural differences
in the birding community that he experienced in moving from Europe to South America:
For me, it’s not possible to go in the fields without taking notes, and without
sensing, counting birds, or this kind of thing. Even common birds. But this
culture is not here. This culture is not in Chile. And we will need probably five,
ten years to have most of the birders doing it. (Diomedea, 13700–14878)
While he was optimistic about the timeframe required to effect a cultural shift, active evan-
gelism and effective communication, discussed later, produced good results in Chile.
In addition to the need to develop a local culture of data contribution, Diomedea also
noted substantive differences between North American and European birding culture: “eBird
give [sic] you the raw data free on the web. All the data, all the information is free on the
web. In France, it’s completely different,” (Diomedea, 33526–33716). He attributed the
French reluctance to contribute data to eBird to a complex institutional configuration, in
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which contributors provide their observations as a membership fee to local conservation or-
ganizations. These organizations then sell the data for environmental assessments, providing
the groups with funds for conservation actions. Contributing the data to eBird instead (or
in addition) would therefore undermine the sustainability of bird conservation organizations
in France. This is a challenge with no easy solution. Despite these cross-cultural constraints,
the broader institutional impacts of eBird continue to grow, as the following section discusses.
6.4.2 Broader Institutional Impacts
A few of the ways that eBird has made a broader impact include being used to influence
land management and policy decision-making, such as disaster planning for chemical spills in
waterways. These policy and land management applications of eBird data have also become
more viable because of the increasing scale of the data: “it’s just getting to the point where
we are going to see more and more information come out that will help drive policy and
decision-making” (Columba, 10685–11427). The expectation and use of these data as a tool
for decision-making stands in testament to its perceived value and quality. eBird is swiftly
becoming the best available data set for these purposes, in addition to its contributions
to scientific knowledge production. Data from eBird have been used to communicate with
policymakers in addition to direct decision support. In 2011, the annual State of the Birds
report to the Secretary of the Department of the Interior, which focuses on the status of bird
life on public lands, was based on eBird data and signaled an increasing level of trust in and
authoritativeness of the data.
These uses have also made eBird a resource that can have a broader impact in facilitating
collaboration by enabling new partnership projects that were previously more difficult to
organize.
We are in conversations with various groups about how we might help them get
the volunteers, and put in a scientifically rigorous survey that will allow us to get
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some of that information back out. So it’s pretty exciting...what we’re able to do
because we have a tool like eBird that we can use in these situations. (Columba,
11712–14428)
This particular effect of the technology demonstrates again that eBird is becoming a form
of infrastructure for formal organizational partnerships in addition to localized efforts.
Functionality that helps satisfy the curiosity of data contributors is not substantially
different from that which satisfies the needs of data users who access eBird data to fulfill job
duties. One such user discussed the way she used eBird for conservation work, mentioning
that eBird saved substantial effort in compiling annual reports because there was no longer a
need to contact individual volunteers one by one to request data from them. She summarized
by saying, “I know that it doesn’t do a perfect job, but so far I’m really satisfied with it,”
(Circus, 11312–11421). Circus further clarified that most of her uses for the data obtained
from eBird reports are so specific to her own work processes that it would be unreasonable
to expect anything more with respect to data outputs.
On the other hand, there are some challenges associated with appropriating eBird for
existing monitoring efforts. For one partner organization project leader, using eBird to
organize volunteers for location-based projects required a number of subtle but meaningful
adaptations. These included the use of a shared account, reducing data entry by recording a
series of stationary counts as one traveling count, and recording a variety of additional data
points in the notes section of the data entry interface. The reasons for these adaptations was
that “[eBird] has certain ways of entering the information. ...I’ll just tell volunteers to put
it in this way, or put it in that way, and I know what that means. And if there’s any extra
information that you gathered, to shove it all in the notes section” (Circus, 25257–26049).
eBird was preferred to an existing purpose-built database that would fully accommodate
these details because of its ease of use for volunteer data entry. Unfortunately, because of
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these adaptations, the comparability of these data to those generated by other eBirders is
questionable, and these differences are invisible to others who use eBird data. The situation
discussed here suggests that finding ways to accommodate customized uses of eBird may be
preferable to supporting appropriation of the technology that could dilute data quality.
A project leader mentioned another example of using eBird for a separate research project,
discussing a high school student’s use of eBird:
He developed a separate data entry mechanism using Google Docs that then refor-
matted the data so that it could be uploaded into eBird. He was able to develop
a project that in many ways was more specific and rigorous than what could be
gathered by eBird. His genius was to demonstrate how someone could develop far
more rigorous protocols for eBird to answer specific scientific questions, and then
still allow these data to be aggregated for broad scale questions eBird hopes to
answer. (Pinicola)
This project, led by a resourceful student, shows another type of contribution with broader
impacts on scientific research.
6.5 Designing Technologies for Participatory Science
As a partner project organizer put it, “as technology has come along the birders have
adapted that technology in new ways” (Columba, 41834–42184). eBird has been successful in
matching recreational birders’ personal interests to researchers’ interests; another organizer
commented that “it serves birders well, and it serves the scientists well” (Elanoides, 33829–
33892). This alignment of interests was an important element in eBird’s adoption by both
birders and scientists. Several lifelong birders described the evolution of technology use in
the birding community, clearly and consistently identifying eBird as not only the current
state of the art in birding technologies, but also as the foundational infrastructure for future
innovations.
eBird is not designed to answer a specific scientific research question, but to provide
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data that can answer numerous research questions: “eBird is a surveillance, monitoring
project. We didn’t develop eBird to test a specific experiment” (Dendroica, 5166–5825). At
the same time, the BirdSource project that developed into eBird was initiated to address
the hypothesis “that bird watcher observations can have significant value in studying the
patterns and trends, and can be used for the conservation of birds” (Dendroica, 1994–2867),
which has subsequently been demonstrated to be true. This section describes the importance
of aligning scientific and personal interests, and the resulting impacts on technology design,
science processes, and scientific outcomes for eBird.
6.5.1 Aligning Scientific and Personal Interests
The initial assumption that only scientists are interested in these data proved wrong;
birders are also interested in the data for a wide range of purposes: “Initially eBird was
developed by scientists for science-minded birders. They thought well, people wouldn’t
be interested in such things, but they really are” (Pterodroma, 4539–4713). The primary
challenge was to establish participation processes that can generate data appropriate for
addressing scientific interests, while also being suitable for recreational birders to carry out,
and then translating those processes into a usable technology. The eBird project leaders
worked closely with statisticians, modelers, and biologists as well as the broader birder
community to keep these interests in balance as the technology continued to evolve.
eBird is a technology with accompanying participation protocols based on the scientific
needs for the data as well as the norms for participation in the birding community. The
combination of community practices and scientific processes is somewhat unique, as citizen
science participation protocols tend to be more science-centric and less community-oriented;
this point is discussed later with respect to designing a project for a community of practice.
The protocols for participation are “loose” and opportunistic from a scientific perspective, in
the sense that they permit contributors to participate in a number of different ways, where
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and when they choose, contributing data with varying levels of specificity and scientific value.
The basic form of participation is to submit a checklist of birds, preferably with counts,
and preferably including all birds observed during a given period of time in a specific place,
and over a specific area or distance. However, eBird also accepts “incidental” observations
of one-off sightings of species without any metadata, which is important to supporting the
full range of data that birders are interested in keeping. Supporting multiple variations on a
protocol is unusual in citizen science, particularly within the boundaries of a single project,
but is self-evidently sensible in eBird because the protocols are built on existing community
practices which include multiple modes of observation.
As a result, the observation protocols for eBird have been fairly stable since the project
began, and only a few minor changes have been made to protocols to improve data quality.
Notably, there is a distinction between the observation protocols and the choice of protocols
that contributors make. For example, through collaboration with biologists and statisticians
using the data, the eBird team learned that the data most valuable for statistical analysis
are repeat observations taken at the same location over time, as would be standard practice
for many conventional scientific research protocols. In order to improve participation in
collecting the most scientifically valuable data, new website features (e.g., Yard Lists) were
developed to reward contributors for greater frequency of repeat observations in fixed loca-
tions. This did not represent an actual protocol change but rather a change in the way that
participation was framed, making it more congruent with the personal interests of the birding
community. While the process of observation remained the same, birders were encouraged
to contribute data more repeatedly for specific locations, with a net result of increasing the
value of the data through accumulation. The alignment of scientific and personal interests
has also had meaningful impacts on system design, discussed next.
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6.5.2 Impacts on Technology Design
eBird’s unique functionality is considered highly innovative by members of the birding
community, as reflected in the interviews and listserv postings. During formal and informal
interviews, the system was frequently identified by other citizen science organizers as the
most sophisticated tools they had encountered to support observation-based citizen science
projects. Although this distinction is often attributed to the fact that eBird has had substan-
tially greater funding and more time to mature than similarly structured projects, it does
not diminish the appreciable accomplishments of the project team. The project leaders con-
sistently put the highest priority on developing functionality not available elsewhere. As an
example, visualizations—particularly graphs and maps—are among these essential features
because, as one organizer explained:
People like maps, and they’ve always liked maps, and if you can animate the
maps they even like them more. So we spent a lot of effort and got recognized
for our ability to visualize these kinds of patterns, spatial and temporal patterns.
(Dendroica, 18417–18713)
It is difficult for a non-birder to appreciate the innovativeness and resultant delight these
features inspire in avid birders. One of the project organizers, self-described as a casual
birder, emphasized the novelty of eBird’s range maps, released in the summer of 2010,
calling them “unprecedented. Nobody has ever made range maps built on hard data, this
much observational data. ...There’s a lot of guesswork involved in making range maps,
and here, just look at the detail on those. It’s really exciting” (Fusca, 40944–41286). The
birders among the interviewees unanimously expressed great enthusiasm for these unique
features, calling them “incredible,” “fun,” and “innovative.” Likewise, comments on the
eBird TechTalk Google Group reflect similar enthusiasm for each new feature, as well as
continual demand for more.
260
The eBirder’s excitement over eBird features can be directly connected to the strategic
choice to hire project leaders who are established members of the birding community; as one
project leader put it, “when I say we, I mean the birding community” (Pterodroma, 1049–
1093). This choice, combined with redesigning eBird to satisfy the birding community’s
known interests, has proven highly successful. While this staffing strategy may appear
obvious and logical, it was not how the project was initially arranged and was a pattern that
was repeated across cases; later its implications will be discussed further.
Every member of the eBird technical staff repeatedly mentioned that the project leaders
are one of their greatest assets due to their deep engagement with the birding community.
The question of how new features are evaluated in eBird’s development process was met with
this explanation:
A lot of it is just Pinicola, Pterodroma and Stercorarius, and our programmers who
are rabid birders, it comes from those guys being their own customers, and just
trying to enter data through the site, and they know where they get frustrated.
...It’s like you build a tool for yourself and then solve your own needs, and as long
as you are within that target demographic, you’re actually probably solving a lot
of the same problems that other people are having. I couldn’t do that, I’m not a
rabid birder. (Platalea, 16969–17573)
Notably, the eBird team are akin to open source software developers in this respect, as they
are user-experts who can serve their own interests by helping to improve the system. The
similarity to open source also extends to enthusiastic users who have the technical skills
to provide additional value, as several individuals have shared their Google Gadgets and
techniques for using data export tools with Excel to generate additional outputs of interests
to birders.
The degree to which eBird’s design shifted from a scientifically-minded tool to a community-
oriented technology that simultaneously supports scientific interests is best demonstrated by
its specialized taxonomy: “the eBird taxonomy is a morphed version of that [Clements]
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taxonomy...it’s been changed to serve the birdwatching community,” (Fusca, 7466–7636).
Taxonomies are very important in the biological sciences, but in order to improve both
the user experience and scientific outcomes of the project, eBird’s taxonomy has been cus-
tomized. The specialized taxonomy includes less specific taxonomic categories for birds that
are difficult to identify in the field. For example, Empidonax flycatchers are very difficult to
distinguish in the field even for world-reknowned expert birders (Kaufman, 1990), so they
can be reported as a “spuh” (Empidonax sp.) meaning an unspecified species of flycatcher.
The use of “spuhs” is an eBird-specific convention to support data quality: “We are not
going to do any great science with the sparrow spuh, but we are going to keep someone from
just pigeonholing a bird because they think that’s what it is but they’re not really sure.”
(Stercorarius, 6355–6670). This is an important combination of technology and participation
design that acknowledges the uncertainties of field observation and variability in observer
skill by accommodating multiple levels of detail in species identification, much as the proto-
cols and data entry allow flexibility with respect to counting birds versus reporting simple
presence and absence. The customized taxonomy also allows birders to track subspecies and
hybrid species that are of interest to recreational birders but are otherwise generally regarded
as uninteresting by professional ornithologists, demonstrating further alignment with per-
sonal interests. In many ways, eBird is an ideal example of designing both the scientific data
collection and the supporting technologies in order to meet community needs and align with
community practices. The careful alignment of interests with system features has generated
an enormous data set, the characteristics of which influence scientific research processes, as
seen in the following section.
6.5.3 Impacts on Science Processes
The link between contributions and science is quite clear; the collection of data is a
critical step to any research process. In particular, the scale and scope of the contributions
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was mentioned several times as a strong influence on scientific processes. Statistical modeling
and high-performance computing were discussed as solutions for working with very large data
sets that exhibit such wide variability.
The availability of such a large dataset has lead to changes in the research approaches
used for working with it. In reference to the shift toward data-intensive analyses using high-
performance computing, a researcher who uses the data said, “if the technology makes new
things available, you change your focus to exploit it” (Passerina, 2822–3677). In addition
to the perennial scientific concerns about the geographic and temporal biases of the data,
missing data, and size and scale of the data set, he also noted the fundamental challenge of
the scientific research itself:
We’re trying to study bird migrations. Forget the variability in the data: we have
a network of people out there, and they followed the perfect protocol and told us
exactly where the birds were and when they were, recorded everything perfectly.
Even then there are some challenges just to understand, to model the dynamics
of the birds themselves. They really vary a lot, it’s a very rich phenomenon.
(Passerina, 12638–13276)
With respect to technical infrastructure that supports the accumulation of such a large
data set, issues of scalability and extensibility were also mentioned in relation to sustainabil-
ity. Supporting ongoing project growth and development requires the technical infrastructure
to be scalable and extensible to meet new and increasing demands. Speaking of the AKN
and eBird Reference Dataset, one of the technical staff speculated that the current hardware
for the data repository “would be probably overwhelmed if we didn’t have the static data
sets bleeding off some of the usage” (Meleagris, 37894–38071). On the back end for eBird,
additional infrastructure was added as the project grew in scale: “we beefed up our database
server...and that really made a big difference. We were getting seriously disk-bound before
we did that” (Fusca, 20229–20427). These challenges highlight an important consideration
for citizen science projects that are reliant on technologies to support large numbers of con-
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tributors; success in developing a contributor base can also lead to rising costs for project
maintenance and sustainability as project scale increases.
The tradeoff for such a large volume of data lies in quality: “overall it’s a balance be-
tween getting as much data as we can get, and it’s also looking for the best data we can
get” (Passerina, 30315–30897). As a researcher, Passerina noted that the variability of ob-
server expertise and by extension, data quality, is his primary concern. The project was
designed with “opportunistic” protocols, and has been met with similarly opportunistic re-
search approaches, such as nonparametric and semi-parametric statistical modeling. While
the opportunistic nature of sampling and leniency of protocols support contribution volume
over quality, the review processes have helped balance concerns over data validity.
Supporting research with large-scale data sets requires a carefully structured and essen-
tially unchanging participation protocol so that longitudinal observations are comparable.
The scientific outcomes that have emerged from the project range from avian epidemiol-
ogy to data mining algorithm development, demonstrating that in addition to serving the
ornithological research community, these data have been valuable to research in other dis-
ciplines as well. This means that the scientific knowledge outputs have been more diverse
than originally predicted, with the broader impacts of the project including science-based
conservation and management decision-making, as previously discussed. The impacts on
traditional scientific knowledge production are the focus of the following discussion.
6.5.4 Impacts on Scientific Outcomes
The design of the participation and supporting technologies has clearly influenced the
scientific outcomes of the project. One of eBird’s initial goals, as part of the Citizen Science
Online NSF grant, was to test the hypothesis that recreational birders could contribute scien-
tifically valuable data. The participation protocol is opportunistic and general; accordingly,
“there’s always been a lot of discussion on whether that data can be useful for anything”
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(Dendroica, 5320–5628). The data have in fact proven valuable for scientific research, yield-
ing at least 40 (known) scholarly articles between 2003 and 2011 that used the eBird data or
focused on eBird itself. The data are also valuable for conservation purposes, such as land
management and environmental policy decision support, which are generally approached
through scientifically rigorous data collection and analysis. As a partner organization leader
noted, “Cornell brings a lot of good scientific rigor to what they do, we bring a conservation
focus...based upon good scientific rigor, and so it’s a good partnership for figuring out how
to move things [conservation] forward” (Columba, 8098–8345). Therefore, although some
of the research motivations for eBird data use are not scientific per se, they make use of
scientific approaches to using the data.
In addition to publications in the scientific journals, eBird is the mainstay of the AKN. The
eBird data is also the foundation of a value-added data product, the eBird Reference Dataset,
that provides ready-to-use observation data that Lab staff have packaged with numerous
covariates by location (e.g., weather, ground cover, human population, etc.) Project technical
staff reported that the additional investment in data management seemed to be paying
off for researchers (Meleagris, 12481–12726). These data products are another substantive
contribution to scientific knowledge production.
In some cases, the eBird data are better than anything found in the published literature
for both academic and popular audiences. For example, “what is shown by eBird in Chile
is not shown by anything else, even publication [sic]. We have a few maps for some species,
which are much better than any maps ever published, ever, for some species” (Diomedea,
9217–9715). Diomedea emphasized that these data had been collected in only 18 months
after the localized portal had launched, an impressively fast pace for producing detailed
range maps for species whose locations were previously poorly documented. This type of
basic descriptive information about species distribution can become a foundation for further
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study.
While all data contributed to eBird have the potential to be useful for any of these
purposes, some data are not used for research. The main issues lie with biases in the data
and the availability of metadata specifying the effort expended on collecting observations.
With respect to biases in the data in some geographical regions, observations are simply too
sparse for statistical modeling. The general absence of data for North and South Dakota, for
example, was specifically mentioned by several interviewees, and is directly related to sparse
human population in those states. The way that feedback that is provided by the system
encourages more detailed data collection, which is seen as particularly valuable for statistical
modeling, because greater geographic resolution supports a wider range of analyses:
People really do want to understand, not just what the species is doing all the way
across country, but at really fine level of detail, too. And the finer detail that you
look at in the information, you start to realize that at finer [geographic] resolution,
the data is sparser and sparser and sparser. The birders love doing this, so there’s
this drive to get more and more. (Passerina, 17242–17745)
The eBird team has taken several approaches to addressing the issue of geographic bias at
multiple stages of the research process, including targeted outreach for participant recruit-
ment and advanced statistical modeling.
Another type of data that is rarely used for scientific research are observations submitted
without metadata about the time and duration of observation: “the one [protocol] that is
least used in analysis is the incidental counts, because basically it bears no effort information,
and so it’s really hard to statistically justify your assumptions when you aggregate that
together” (Ceryle, 24508–24771). These observations are nonetheless critically important to
adoption of the system by birders. If eBird did not permit birders to record the incidental
observations of “life birds,” the individual first-time sightings of a species that a person
has not previously encountered (e.g., a scissor-tailed flycatcher spotted briefly through the
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window of a moving car), it would have had more trouble achieving critical mass with respect
to adoption by expert birders, as was seen early on in the project’s history.
The openness to data that do not fit the scientific ideal is one of the secrets to eBird’s
success: “eBird really works...on whatever level. If you just want to do one list from your
backyard in a day, or once a month when you go somewhere interesting, it really works on
all those levels, every contribution helps” (Stercorarius, 17630–17860). Some contributors
have also entered historical data up to a century old (the earliest data eBird can accept start
with the year 1900). For example, an organizer spoke of two Audubon volunteers in different
regions who “saw the value” of contributing historic data to eBird, and independently took
it upon themselves to enter all the accumulated data for their favorite Important Bird Areas2
These historical data are considered very valuable, but are currently too sparse to rely upon
for policy and management decision-making. The development of a system that is pleasing
to the birding community, discussed next, has motivated increasing contributions that make
decision-making support an increasingly valuable broader impact of eBird.
6.6 Designing Technologies for a Community of Practice
Birders love birds. One of the eBird staff put it particularly well:
This data that I take care of is among the most loved data, I think, anywhere.
People have spent just millions of hours of accumulating it. It’s really irreplaceable.
And they’re passionate about it. ... People are doing this because they love it.
(Fusca, 29785–30339)
For eBirders, this love of birds is reinforced and shared through participation in eBird. The
user base is a community of practice that centers around the observation of birds, a practice
fueled primarily by their common interest.
2An Important Bird Area is a natural habitat of global importance for bird conservation. The program was developed by
BirdLife International and is administered in the U.S. by National Audubon; the globally-recognized IBA designation leads to
habitat protection under national legislation.
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This section describes birders’ shared practices, skills, biographies, and personal interests,
and the characteristics of the larger birding community that the eBird organizers have tar-
geted as the primary audience for project participation. It discusses the importance of both
direct and indirect feedback to supporting ongoing participation and improvements in data
quality. The community-based recruitment strategies that the eBird project leaders have
implemented further demonstrate the value of community-oriented technology design.
6.6.1 Birders
As the previous section indicated, designing eBird’s technologies to support participa-
tory science was built on the foundation of a deep knowledge of a community of practice:
birders. Birding is a multi-million dollar leisure industry and the fastest-growing hobby in
the U.S. (Weidensaul, 2007). Birders constitute a distinctive subculture, ranging from ca-
sual bird watchers to avid listers who maintain lifelong daily records of observations, some
accumulating a huge volume of observational data spanning decades. The birding commu-
nity has strong norms around reporting sightings, mentoring novice birders, and rewarding
contributions with public acknowledgement. Local bird clubs provide in-person contact and
socialization, while bird festivals and competitions provide opportunities to engage with the
broader community. Among serious birders, information is the foundation for reputation,
with community status established through lists of bird sightings at varying geographic and
temporal scales.
eBird serves as a tool for the birding community, which long predated the technology. As
such, there are many existing social organizations, opportunities, and venues in which birders
interact. eBird’s direct support for non-task activities such as socialization and mentoring is
minimal, likely because creating an online social network was not required to support project
activity due to the extensive existing social network among birders. The connection between
eBird and the birding community was described as “an incredible social network, in terms of
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collecting information about bird distribution all over the country, and tying people together
in a way that they have never been tied together before” (Columba, 39194–39478).
Birding is a challenging pastime. Skills are gained through experience and practice, and
lifelong birders described a learning process not unlike an apprenticeship.
You really need to go out in the field with more experienced birders who can give
you some clues as to why that one’s a little different. And some of them [species] are
quite variable, so song sparrows look quite different here than they do in different
parts of the country, and they have different races. So the more experience you
have, the better you can do. You just can’t substitute looking at a book or website
for 10 years experience. (Elanoides, 10665–11100)
The acquisition of these skills is a nontrivial effort that requires time and patience, and
although eBird can be used by birders of any skill level, it is less likely that beginning
birders would choose to start with eBird. The ability to identify more species than the
average person on the street is a practical prerequisite for eBird use, which impacts the
project’s participation processes and sustainability, as well as its accessibility to non-birders.
Project evaluators, however, highlighted the notion that required skill or expertise can be
leveraged for inclusivity rather than exclusivity (Allison-Bunnell & Thompson, 2007), as
inclusion has always been the intent behind eBird’s project design. In actuality, a variety
of skill sets and expertise are needed to fuel a project like eBird, and contributors bring not
only birding expertise but also local knowledge.
An example of the importance of these skills is the role of the regional reviewers, skilled
birders recruited by the project leaders to assist in data quality management. When their
personal networks fail to yield the needed contacts for a given geographic region, they turn
to eBird and mine its data to identify potential candidates.
You can pretty much tell from someone’s eBird signature what their experience
level is. The kinds of things they write, the kinds of things they report regularly, or
don’t report regularly. And usually by that point, if we can identify someone there
[a geographic region] then we probably know someone who knows that person, at
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least on some level. We say, do you know this person? (Stercorarius, 22301–22672)
Even after identifying a potential reviewer based on their apparent skill, however, the project
leaders check with a local contact for further verification of the individual’s abilities.
In addition to birding and technology skills, local knowledge and other individual intel-
lectual resources are important to ensuring project success. For example, domain expertise
is not required for the hotspot editors who maintain the lists of local publicly accessible
birding locations:
You don’t have to be an ace birder, so much as you just need to know your local
geography. ... So that’s kind of a way to engage intermediate, or even beginner
birders, that are enthusiastic about it but might not be qualified to judge someone’s
Baird’s sandpiper. (Stercorarius, 24911–25203)
The diverse skills and knowledge required for the roles of regional reviewer and hotspot
editor provide an opportunity for role advancement, a known best practice in job design
(Ilgen & Hollenbeck, 1991) that extends to volunteers as well as paid employees. These
meta-contribution roles also provide recognition for leaders in the local birding communities,
acknowledging their expertise.
The biographical characteristics of birders were mentioned for two distinct groups, both
the project organizers (interviewees), and the participants with whom they interact. When
the eBird project organizers (staff and related individuals in leadership roles) talked about
their background with the project, most referenced their educational background and connec-
tions to birding. The organizers who were interviewed were a diverse group, with education
and experience in areas such as forestry, biology, computer science, natural resources, ecol-
ogy, statistics, studio art, and neurobiology. As previously discussed, having team members
who are members of the birding community was viewed as valuable by those organizers
who claimed to know little about birds, and was considered particularly important as a
characteristic of the project leaders. According to one interviewee,
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Those three guys are also hard-core birders, and they are also users of the site.
And they are probably our three most challenging users that you could possibly
have. They have very little patience for things not working properly...and so they
are actually my most valuable resource. (Platalea, 15221–15594)
All of those who self-identified as being birders mentioned that they have been involved with
birding since their teen years, demonstrating a long-term personal interest and implying a
wealth of accumulated skill and knowledge about birds and birding.
Although there was relatively little discussion of the biographical characteristics of eBird
contributors, factors that came up in conversation were consistent. Most organizers con-
nected age or generational membership to technology self-efficacy (Compeau & Higgins,
1995), or being “computer savvy.” Most people asserted that older adults are generally
less skilled in computer use and said that younger birders have little trouble using newer
technologies.
Several noted that the majority of the participants with whom they interact are age 40 and
over, suggesting that many participants may not be particularly comfortable using computers
and related technologies. The perceived influence of age on participation relates to another
biographical characteristic of some individuals, relevant because of the value of data from
lifelong historical records. This trait was described by one project leader as “people that
have that gene...for recording information” (Stercorarius, 34902–34996). Such individuals
were also mentioned by other citizen science organizers interviewed in this study as being
an ideal participant, in part because these individuals enjoy the activities of both collecting
observations and also making records of them, a primary task in most citizen science projects
that is often considered dull.
The eBird case, however, highlights a situation where an innate interest in or tendency
toward record-keeping can also be a barrier to participation. Organizers mentioned more
than once that if a birder is already comfortable using notebooks or desktop software, it is
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harder to convert them to using eBird, despite the availability of bulk import tools:
The simplest ones to convert are young birders who are computer and tech savvy
and it’s like second nature to them, they are like ‘yeah, this is a no-brainer, why
wouldn’t I do it?’ The most difficult ones are older birders who have been doing
things their own way for 40 years and have their own system that may not be
necessarily computer-driven. It might be a series of notebooks or something like
that, and this is a major hurdle for them, to get a computer and get online, digitize
all this stuff, and change the way they’re doing things. (Pterodroma, 19672–20226)
One of the project leaders also noted that while an increasing proportion of the birder
population is comfortable with computing technologies, it is still important to reach out to
the senior birders because they serve as mentors to younger and novice birders, teaching them
good field observation habits and communicating the value of contributing their observations
to science.
The motivations to contribute data to citizen science is a topic of much interest among
researchers. The norms of data sharing in the birding community provide social motivations
for contribution that complement birders’ personal interests. In a final report for the Citizen
Science Online grant that provided early support for eBird, evaluators found that in addition
to helping manage their personal bird data, contributors chose to use eBird because the data
that they collected can be shared with like-minded people. The same user survey found that
the contribution to science was rated as a very important benefit of participation more often
than maintaining and organizing personal bird records (which took a close second place for
“core” eBirders who make substantial data contributions) or learning where birds are being
seen. This finding was consistent across both eBirders and non-eBirders who use the system
infrequently. The desire to share a personal passion with others can be a strong social
motivation for participation, and there were several mentions of individuals spending quite
a lot of time entering historic bird observations. As one project leader reflected, “there’s
also point for people where they say, I’ve been doing this for so long, what’s it all going
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towards, if I don’t share it?” (Stercorarius, 37707–37836). Posts to the eBird TechTalk
listserv directly supported this observation, mentioning the motivation of leaving a legacy of
birding observations submitted to eBird as having value both today and forever.
In addition, contributors had mentioned the motivation of helping with the scientific goals
of the project, not just to organizers, but also more publicly in posts to the eBird TechTalk
listserv. The link between contributing data to eBird and their own personal interests is
clear: by contributing data, they enable research and conservation actions that support
their passion. As a Lab staff member explained, “they are happy that the scientists can
use the data. Because you know if there’s not any birds, what you got [sic] to do with
your time? Play golf.” (Elanoides, 34050–34211). Communicating the relationship between
participation and conservation is the subject of the next section.
6.6.2 Communication is Critical for Organizing
The care taken to design eBird’s technologies to serve a variety of different audiences
within the broader category of birders and assure that it is equally functional for daily
and occasional contributors extends to the way the project organizers communicate with
participants. Both indirect communication through system-generated feedback and results
and direct communication with community members have been important tactics in building
eBird’s contributor base.
The eBird team have worked to support sustainability of participation by including feed-
back to contributors as a fundamental part of eBird’s design. As the organizers noted, many
citizen science projects fail to provide adequate feedback despite awareness of the importance
of this type of communication. Comprehensive access to data and reporting tools is one of
eBird’s most distinctive features. The reporting tools were directly inspired by the known
personal interests of birders, who enjoy exploring information about birds. As one of the
project leaders noted,
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I think the more you can make people enjoy the project and get some reward back
out of it for engaging with the project, then the better off you’ll be for sustaining
it. And we’ve seen significant growth that hasn’t slowed down since we turned the
switch on and sort of changed the way we think about it. (Pterodroma, 39971–
40737)
Communicating results and feedback to contributors was often highlighted as a critical
part of the participation design. In the words of an eBird portal organizer,
They need a result. You can’t just tell them that the datas will be used by scientists
or whatever. They don’t see scientists, they don’t see the paper. So you have to
show them what is done with the eBird datas, and you will have to acknowledge
people also as much as possible.” (Diomedea, 12806–13266)
In particular, providing instant gratification through rapid or immediate feedback was cited
as a powerful motivator for ongoing contribution. This appears to be a two-way street; eBird
technical staff remarked that the project leaders often share user feedback with them, which
they find particularly rewarding and motivating.
eBird project organizers use several channels to communicate directly with contributors
and data users. Content management functionality is embedded in the eBird website, and
several members of eBird staff expressed respect for the quality of the articles that the
project leaders write for the site. These articles provide recognition to exceptional contrib-
utors, tips on making difficult identifications, results from research using eBird data, and
announcements of new functionality. The eBird project leaders also maintain a separate blog
called “Chip Notes,” an eBird Facebook fan page, and Google Groups email lists for regional
reviewers and for questions about data entry and protocols. They each noted that email
responses to queries from contributors, data users, and members of the broader birding com-
munity require a substantial portion of their time. By anecdotal comparison to other online
communities, the eBird project leaders are exceptionally responsive to these inquiries, both
by direct email and on listservs. Organizers for partner projects further promote eBird via
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listservs, electronic newsletters, print magazines, and in-person presentations. In addition,
the eBird team conducts periodic user surveys, directly asking contributors for feedback that
influences development priorities.
Strategic communication with contributors has also yielded an improvement in the use-
fulness of eBird data for scientific analyses. Several eBird staff recounted the story of a
campaign mounted by the project leaders to educate users on how to choose appropriate ob-
servation protocols and the associated scientific value of reporting data using the more formal
effort-based protocols, rather than the “incidental” sightings, which have no effort data and
are therefore not particularly useful for research. The strategic communication campaign
was very successful: staff showed a graph of the frequency of checklist types in which the
trends were completely reversed as a result of this intervention. One of the other applications
of communication by project leaders is discussed next: community-focused communication
as a recruitment tool.
6.6.3 Community-Based Participation Recruitment Strategies
For eBird, like the other citizen science projects in this study, standard volunteer man-
agement practices like creating volunteer job/task descriptions, managing risk, and direct
supervision simply do not apply in a meaningful way, largely due to the nature of partic-
ipation as a form of distributed work in which nearly every individual performs the same
fundamental task. Rewarding contributors is built into the system in the form of access
to data and visualizations, rankings on leaderboards, and for a few devoted contributors, a
profile on the eBird homepage as “eBirder of the Month.” Among other volunteer manage-
ment processes, retention seems to be less of a concern due to the design of eBird to appeal
to birders’ personal interests; orientation and training is minimal, as it is self-guided with
online materials, although outreach events and presentations often include an introduction
that serves as training; and screening and selection are required only for meta-contributors.
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Recruitment, however, is an ongoing area of interest, and not only in the context of global-
ization.
In order to achieve a critical mass which would permit the project to become an au-
thoritative data source (and garner increasing participation), the project organizers initially
focused on recruiting and supporting expert birders who need relatively little education with
respect to ornithology and the merits of the scientific process (Allison-Bunnell & Thompson,
2007). The strategy for recruiting contributors in North America has since evolved from this
initial focus, which involved recruiting contributors from areas where there are large, active
birding communities, e.g., New York and California. To expand the contributor base and
further improve the scientific value of the data, one strategy the project leaders are using to
address the geographic biases of opportunistic observation is through geographically-targeted
volunteer recruitment:
Our goal now is to shift from focusing on outreach in areas where we know there
are a lot of birders to...trying to get a more evenly distributed sample across the
landscape, by engaging groups in North Dakota or Oklahoma to try to start to fill
some of those holes. (Pterodroma, 21784–22954)
Recruiting contributors to fill geographic gaps in the data promises to be a much more
challenging task. The easily converted birders have already signed on, leaving a target
population that is most likely less geographically centralized, less interested, less confident
in their skills, or simply less aware of eBird.
Across organizations and roles, project organizers leveraged professional, scientific, and
birding-specific network connections to aid the development of the project; several intervie-
wees were recruited to work on the eBird project through network contacts. The project
leaders relied on the social networks they had developed through years of interactions with
the birding community, particularly for volunteer recruitment for the regional reviewers,
“playing on contacts that I’ve made over my years birding, trying to talk people into helping
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us” (Stercorarius, 18845–18956). Partner organization leaders also used both formal and
informal networks to recruit eBird participants: “When we first started, I was contacting a
lot of them, the main birders in Canada, and telling them to check it out. All of them, I
think, checked it out” (Otus, 10174–10401). In each of these examples, leveraging personal
contacts made through community involvement provided valuable resources to the project.
The “evangelist” role was often mentioned by those organizers who recruit data contrib-
utors, the primary human resource upon which eBird’s success depends. These organizers,
who know the extent of the birding community, felt that current participation is low com-
pared to what might be possible, and believed there is substantial human resource capacity
(or “cognitive surplus” (Shirky, 2010)) that could be harnessed by extending the eBird con-
tributor base. They remarked upon the need for paid staff, both in local organizations and
at the Lab, for ongoing project coordination and communication.
Among to the communication strategies discussed in the prior section, the necessity of
in-person outreach for recruitment was surprising given the reliance on technology-mediated
participation. Notably, these outreach efforts are primarily about recruitment rather than
education, which stands in contrast to the usual meaning assigned to outreach in some
citizen science projects. Giving talks at meetings was mentioned by several interviewees as
a primary outreach tool:
It takes a lot of evangelism. Between the three of us [project leaders], I’ll bet we
did probably 60, maybe more, eBird talks around the country in the last fiscal
year. And those vary from keynote presentations at birding festivals for hundreds
and hundreds of people, to very small bird clubs...where 20 people might show up.
(Pterodroma, 20406–20773)
Another eBird project leader estimated that he spent about 100 days per year traveling to
attend and speak at events, run training sessions, and present to groups (Pinicola). While
time and resource intensive, this form of outreach takes place within the existing structure
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of the birding community and related institutions and organizations, which is a particularly
powerful approach to organizing collective action (McAdam, 1999). It therefore comes as
little surprise that communication was often spoken of in the same breath with community
and networks.
The connection between community and networks highlights a particularly effective re-
cruitment strategy. Through the project leaders’ continual outreach efforts, other organiza-
tions are beginning to promote eBird: “a lot of those groups [state ornithological societies]
are beginning to support eBird, telling their members to report on eBird” (Elanoides, 42215–
42506). This is an example of tapping into “indigenous organization strength,” a concept
from social movements theory (McAdam, 1999). An indigenous organization is one which
exists in the community, well established prior to any attempts at organizing for collective
action; classic examples are churches, sports teams, and campus groups. These organizations
bring four crucial resources to mobilizing collective action: members, leaders, communication
networks, and established structures of interpersonal rewards that motivate participation and
solve the “free rider problem” (the question of how to prevent consumption of resources with-
out contribution) (Olson, 1965). Birding groups and bird conservation organizations fit this
description quite well, and cultivating relationships with them has yielded similar benefits
for eBird.
In addition to North American outreach efforts, eBird’s successes to date in globalization
have been based on the strength of indigenous organizations. Leveraging these relationships
remains the primary strategy for expanding the project’s reach more globally. In the fu-
ture, recruiting new contributors will likely increasingly rely on these networks as a way to
reach out to a wider audience of bird enthusiasts. In the more informal context of birding
listservs, checklists emailed from eBird include a footer denoting the source of the observa-
tions; interviewees claimed that in some areas, most of the posts to listservs are generated
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by eBird, potentially exerting a subtle social pressure on listserv members who do not yet
use eBird. An eBird user made a listserv posting that substantiated the claim that users’
communication on birding listservs can convince others to participate, as he had received
many messages from more experienced birders informing him that they had adopted eBird
on his recommendation. Endorsement by fellow birders is not the only incentive for adopting
eBird, which is the topic of the following section.
6.7 Participation Incentives and Transformative Experiences
eBird is explicitly designed to reward contributors. The direct benefits of participation
include list management, rare bird alerts, and other tools to learn more about birds. Most re-
spondents to eBird user surveys conducted by the project organizers report that maintaining
their birding records, keeping an eye on what other bird watchers report, and finding general
information on bird distribution and abundance are their primary activities on eBird, with
tracking personal birding records being the most frequently cited reason to use the system.
This section discusses the ways that the eBird system design not only incentivizes participa-
tion, but also promotes increased commitment, changes in birders’ behavior, and individual
development.
6.7.1 Incentivizing Participation
The initial technology design for eBird relied on altruistic intentions to support “birding
for science.” After redesigning the tools to provide functionality that interests birders,
project performance increased dramatically. The practice of rewarding contributions with
appealing functionality is one of the core design principles for the project. Project staff
were quick to dispel the notion that relying on altruism could sustain ongoing participation,
saying that “people will be excited about it for a while, but finding people to participate
over the long haul, if you’re just counting on altruism, I think it’s not going to fly” (Fusca,
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39241–39925). Viewing the relationship between the project organizers and contributors as
an exchange of data for tools has perpetuated a strong user-centered design ethos.
The underlying strategy for eBird’s technology design was best summarized as, “let’s
give them the tools to do what they want, and they’ll give us all of their data” (Passerina,
26897–27937). At the same time that the technology was substantially redesigned in each
subsequent version of eBird, there was essentially no change to the core observation protocols,
except to update labeling and descriptions of the participation protocols for clarity. This is
unique in the world of observation-based citizen science projects; nearly every project reports
a revision cycle with respect to participation protocols. But not eBird.
The main point of differentiation from other monitoring projects is that eBird’s observa-
tion protocols were based on the existing, long-standing practices of the birding community
(Wood et al., 2011). In essence, birders were already doing the work that eBird asks of them,
but were not previously recording and reporting the data to a centralized database. The
eBird project does request additional information that is not usually recorded in the field,
but for the minimal level of contribution it requires only a relatively minor modification of
the usual birding practices, depending on the birder. Over time and with gentle prompting
from the project leaders, the less valuable incidental observations have been supplanted with
effort-based checklists, as previously discussed. This shift does not represent a change in
protocols, but rather a change in the choices of participants as to which protocols to use and
the degree of detail to contribute.
The approach taken by eBird organizers represents a different tactic from most design
models for citizen science. The typical project design approach in citizen science is to identify
a scientific problem, and create a way for people to participate in scientific data collection or
data processing tasks. When eBird was designed, organizers were able to take the opposite
approach. The target participant community’s existing practices were used as the basis
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for designing participation tasks that were minor extensions of the existing traditions in
the community. Requiring only moderate, gradual changes from the way a lifelong pastime
has been practiced means it is easier for contributors to incorporate project participation
into their everyday routines. This is a more robust design strategy for supporting ongoing
participation than the contrasting approach, where contributors are asked to undertake
completely new tasks with no real relationship to existing practices or habits.
Like the GSP and Mountain Watch organizers, the eBird project leaders highlighted the
tension of design tradeoffs between participation and science. “We always walk this line at
eBird between usability and utility. We want people to collect better and more valuable
observations, but the more you ask people to do, the fewer people will actually do it”
(Pterodroma, 6298–6840). The strategy that project organizers took in response to this
persistent challenge was to accept data collected according to protocols with variable rigor,
allowing contributors to choose the level of detail that they record.
At the same time, they clearly understand how to motivate birders to choose a more
rigorous participation task:
What we found is that the more people that we can get to survey a location multiple
times, the more detailed the data, then the more valuable the data is for analysis.
So last year we tried this site survey concept, and that didn’t work very well. ...
So this year, we’re going to turn it into a game, where you can keep track of how
many birds you see in your yard, compare that with others, and get your name on
the list. (Dendroica, 20565–21140)
While the new functionality is fun for many eBirders, it was inspired by a scientific data
need. In contrast, both scientific interests and personal interests have also been served
by feature development prompted by user requests. eBird project leaders regularly invite
feedback from eBirders on development goals, and this dialogue between the organizers and
community helps ensure that resources are targeted toward the development goals that will
serve the mutual interests of the project organizers, data users, and data contributors. One
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such goal is making data entry easy and rewarding, the focus of the next section.
6.7.2 Making Data Entry Worthwhile
While most of the eBird participation process closely mirrors community practices, the
step that represents a substantive and unwelcome addition to most birders’ existing habits
is data entry. Data entry is considered “a hurdle, there’s no question about it. And the
easier you can make that process, the better,” (Pterodroma, 6298–6840). As reported by
both interviewees in this study and organizers in the broader practitioner community, the
distaste for data entry is a universal issue across citizen science projects that involve data
entry as a separate step from observation. eBird’s answer to the data entry issue was to
ensure that participation is immediately rewarded:
There’s only so many people out there that will spend their time sitting behind a
computer doing data entry because they think it’s good for the birds. But there’s a
whole lot more that will spend their time sitting behind a computer entering data
if they can then get something out of it that they find valuable. (Pterodroma,
5757–6071)
The eBird team has made the data entry task worthwhile through personally rewarding
outputs, and also leveraged the existing community practices around email listservs to pro-
vide additional social rewards for data entry. eBird does not displace the well established
birding listservs, but created features to work with the existing community infrastructure:
eBirders can have checklists emailed to them to forward to friends and birding listservs.
Email lists have been the nexus of up-to-the-minute information exchange for years: “even
before eBird, one of the major birding things was to provide trip reports...via bulletin boards
or mailing lists” (Ceryle, 32622–32850). The ability to forward checklists to listservs also
means that contributors are not typing up their observations twice, which further incentivizes
use of the system.
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A related feature of the site, shared checklists, reduces the data entry burden for groups
of individuals who go birding together (Pterodroma, 23939–24333; Ceryle, 34278–34638).
Shared checklists allow one person to do data entry for the group while still permitting
individuals to adjust their own copies of the checklist. For example, a birding party in Hawaii
might collectively record and share a checklist with a dozen Laysan albatross and twice as
many Java sparrows, but if one of the observers saw only ten albatross, three dozen Java
sparrows, and a Red-tailed tropicbird, that person can adjust her checklist accordingly. This
level of control over individual records is important to birders, and shared checklists would
be considered less useful if they could not be individually edited to fit personal preferences
for record maintenance, speaking again to the intense interest in keeping lists. In addition,
an organizer noted that if the birding party includes both eBirders and non-eBirders, the
shared checklists have potential to prompt adoption:
There is always one guy in this group sending his sighting to eBird. ... He will
share his sightings done during that day to all the 10 people. So they [non-eBirders]
will automatically have sightings in their eBird accounts. And this just give them
a taste, a taste to follow themself [continue participating] again and again. I mean,
I just opened an account, I already have some sightings, then people just want to
follow that. (Diomedea, 1169–12401)
A second feature which is used for social purposes in venues outside of eBird is the ability
to share submitted checklists via Twitter and Facebook, added in 2011. While these features
do not lead to any social interaction within eBird itself, they make it easier for participants
show off eBird checklists in social interactions in other spaces and provide another network-
based means for expanding the contributor base. Forwarding emailed checklists are to local
listservs is part of existing community norms, but as the social media sharing feature is a
very recent addition, it is not yet clear what role these technologies may serve in the birding
community.
283
Data entry was also identified as the underlying issue in two other impediments to com-
mitment, specifically among experienced birders: existing birding habits, and concerns about
data stewardship. As a project leader noted, the actual commitment is minimal: “once peo-
ple make the eBird commitment, they’re basically committed to keeping track of birds which
they’re sort of doing in their head anyway” (Stercorarius, 48262–48461). Aside from track-
ing effort data, the additional step of maintaining records and entering data are the main
additions to typical birder practices that eBird must convince contributors to undertake. As
mentioned earlier with respect to existing habits, many experienced birders already have a
system for keeping records. These individuals may be less interested in adopting eBird solely
on the basis of eBird’s recordkeeping and listing tools.
Duplication of data entry to turn existing digital records into eBird checklists would
pose a substantial stumbling block to commitment from particularly prolific and long-term
birders who have amassed a substantial volume of data in other software, so bulk import
functionality is available for those who kept their records in Excel or birding-specific software.
Some birders, however, also want assurances regarding data stewardship:
Some of the best, very best birders have had a lot of questions about that, how do
I know that you vet the records adequately, and why should I bother participating
unless you are? Once they can see that, then that kind of is a tipping point.
(Stercorarius, 37134–37627)
Presuming these individuals have established recordkeeping systems, contributing to eBird
means a commitment above and beyond their current personal data management practices.
If assurances of proper data quality management is the factor that convinces these birders to
convert into eBirders, their interest in the data stewardship suggests that the scientific merit
of the pooled data may be the primary motivation for their contributions. These changes in
contribution patterns were specific to expert birders; other changes to birder behaviors are
discussed in the following section.
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6.7.3 Changing Birder Behavior
The design of eBird, both as a project and as a technology, has clearly had a strong
influence on its adoption, which has been observed to lead to changes in the behavior of
project participants. The basic expectation from prior research on technology adoption
(e.g., Technology Acceptance Model (Davis, 1989), Task-Technology-Fit Model (Goodhue &
Thompson, 1995)) is that technology is adopted based on the fit for the people and tasks it
supports. As expected, initial adoption of eBird is based on usefulness as a recordkeeping
tool. The technology adoption process does not end there, however; once birders recognize
the additional personal value that eBird can offer, some change their birding practices to
produce more valuable data (Wood et al., 2011; Wiggins, 2011).
In the process of adopting the technology, birders become eBirders, and eBirders do bird-
ing differently. Entering observation data online for a citizen science project is an obvious
change to previous practices, but the more substantive changes are those occurring in the
field. According to a project leader, “eBird wants more than your general birder collects”
(Pterodroma, 33454–34240) because the usual recordkeeping practices yield relatively un-
specific observations with little information about the effort spent collecting them, which is
important for use in scientific analyses.
Improving the data requires following increasingly stringent scientific methods, often
a substantial change from recreational birding practices. eBird organizers suggest three
changes for better data: submitting complete checklists that include all observed species,
contributing counts instead of presence-absence data, and recording effort information about
locations, times, and methods. Some birders willingly change the way they bird, recording
more information in the field, because eBird provides greater reward for greater effort, cre-
ating a “virtuous cycle” in which desirable behaviors are reinforced through a feedback loop.
They enjoy increasing benefits with increasing contributions, as their occurrence graphs and
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location-specific lists became more accurate and complete: “once they do it they see the
value, so they do it more, and so they get more” (Otus, 23059–23223).
Some eBirders are motivated by the reporting and checklist functionality to maintain more
regularly collected observations. To make their personal observation data more valuable, a
portal organizer reported:
People are keeping track of all the birds they see, they are trying to estimate
numbers as best they can, and most importantly, they’re trying to do it on a
regular basis. So they are really gearing their birding towards eBird, and eBird
rewards them by producing checklists and graphs and maps. (Otus, 15891–16235)
This is a very different aspect of commitment than previously discussed. The prior instances
focused primarily on reasons that individuals choose not to use eBird, but for some indi-
viduals, once that initial commitment has been made an additional commitment to more
intensive participation followed. Techniques to identify these contributors could be valu-
able for supporting organizing efforts that “focus on bringing out more investment from the
people that we have” (Stercorarius, 15078–15182).
Using eBird, and particularly its data visualizations, appears to make the value of us-
ing more scientific observation methods self-evident to participants, and birder community
practices already reward recordkeeping and data sharing with status and respect. For some
birders, these factors lead to a shift in birding behavior that improves scientific outcomes.
The change to behavior is prompted primarily by intrinsically-motivated self-satisfaction
and takes several forms. These included satisfaction with the ways eBird supports social
recognition or acknowledgement (a traditional aspect of birding culture) through rankings
and data transparency, the ability to keep an eye on activity within the birding community
by viewing data submitted by others, and access to both personal and aggregate data (Den-
droica, Elanoides). The most commonly cited source of satisfaction was the way that eBird
enhances the pastime itself, the pleasure that many birders take in keeping lists, and for
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some, friendly competition with other birders: “some of the competitive games that people
really like, comparing lists with other people’s lists, kinda drives them to engage more, get
their lists up-to-date” (Stercorarius, 15183–15428).
eBirders’ satisfaction is further reinforced by the “instant gratification” that eBird pro-
vides by immediately updating personal lists and adding personal sightings to public maps
and reports within 24 hours of submission. Several organizers reported that being able to ac-
cess eBird data and reports had changed the way that they and others approach their hobby.
A partner project organizer and enthusiastic birder noted, “I birded a different way than I
used to bird, because of the way you can enter data into eBird, and then some of it is the
gratification of seeing it keep track of things by the county” (Columba, 35210–31007). The
particularly powerful intersection of personal interests (bird data) and satisfaction (eBird
reports) led to a change in the participation process, and by extension, a refinement of well
established community practices that serves both personal and scientific interests. These
changes in behavior were also considered to support individual development, discussed next.
6.7.4 Individual Development Through Participation
The interviewees discussed individual development in relation to individuals’ birding skills
developing through practice and mentorship (as previously discussed), and the way that using
eBird can reinforce good habits, which is the topic of this section. One project leader felt that
“on the data entry side, I would say that eBird over time makes general birders much more
precise and more aware of what’s happening with their day-to-day birding” (Pterodroma,
36272–36448). This makes intuitive sense given the differences between “conventional” bird-
ing and eBirding, which include the development of further attention to scientific detail as
the value of the specificity of the data become apparent through system usage (Wiggins,
2011). Individual development through participation, as described by organizers, seems to
rest entirely on the development of more scientific birding skills.
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Evidence of skill is often considered an appropriate proxy for expertise. A researcher who
works with eBird data hopes to quantify contributors’ skill levels based on the data they
contribute. Any such indicator variables can be incorporated into the scientific data models
as a way to control for expected data quality as a function of contributor skill or expertise:
I would like to automatically identify if there are differences in detection rates [of
birds] as a function of let’s say, your life list, or some species in your life list, and the
number of species in your life list for any area relative to everyone else. Or the total
number of submissions on eBird, or some sort of involvement, assuming maybe that
with more involvement your expertise will go up. (Passerina, 33874–34313)
This quote also highlights the commonly expressed expectation that ongoing participation
will lead to further skill growth and individual development.
Surprisingly, while many citizen science projects explicitly hope to educate participants in
the scientific method (perhaps prompted in part by available funding sources, such as NSF’s
Informal Science Education programs), relatively few seem to place substantial emphasis on
domain-specific learning and skill development as a desirable outcome for participants. This
is an interesting incongruity, as there is frequent concern over participant skill and expertise
as relates to data quality, but domain learning seems to be considered only a means to
an end. Project evaluators for the Citizen Science Online grant also noted that enabling
participants to conduct their own inquiries using the eBird data is generally “seen more
as a matter of personal enrichment than explicitly providing a platform for amateurs to
produce professional research results or engage in advocacy (while not ruling out either of
those uses)” (Allison-Bunnell & Thompson, 2007, p. 5). From a participant’s perspective,
however, developing further domain expertise may be far more motivating than learning
about the scientific method or producing professional research.
Interviewees noted that the ability to visualize the large volumes of data that eBird
has accumulated using animated range maps, produced with high-performance computing
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resources from TeraGrid, can lead to epiphanies regarding the relationships between species
and habitat. They speculated that the visualizations made the scale and value of eBird
data more accessible to casual audiences. Showing non-scientists the connections between
habitat preservation and bird distribution, for example, was highlighted as a potentially
transformative experience resulting from access to sophisticated data visualizations.
They mentioned that the animated migration maps, in particular, were excellent at draw-
ing attention. A Lab staff member discussed a presentation by an eBird project leader at a
bird festival, saying:
The biggest news in the eyes of the audience, that impressed them the most, is
that we’re able to begin to show data...so you could see migrating species. ... And
for them to see that data was really exciting to a lot of people, and to understand
that you can study that data. Are the birds coming earlier because of global
warming? Are they leaving earlier, staying longer? You know, what’s really going
on? (Elanoides, 12942–14021)
The quote also suggests that these visualizations prompt the development of hypotheses and
research questions among non-scientists by helping them see the potential uses of the data.
Although it is not a project output that is explicitly educational, being able to access
these data was perceived to be a meaningful and potentially transformative experience. A
project organizer connected the ability to make large scale, complex data accessible through
visualization to the Lab’s mission:
The fact is that to see the dynamics, spatially and temporally, of how these things
change, and to do it at such a broad scale as we can do it, is transformative in
the way people think about biodiversity and natural history. All that kind of
visualization of data is very important, and serves the Lab’s mission. (Dendroica,
27494–27823)
For many participants, the data visualizations may be just another way to find the informa-
tion they desire, but for others, seeing the aggregated data in a different way can stimulate a
change in the way they understand the relationship between biodiversity and habitat preser-
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vation.
6.8 Answering the Research Questions
Returning to the research questions, the eBird case study provides insight into the primary
constructs of virtuality, technology, participation, organizing, and scientific outcomes, each
of which is summarized in this section.
Virtuality is a fundamental characteristic of project organizing and participation. It bene-
fits eBird by allowing greater participation on a global scale through online data submission,
which has proven critical to supporting increasing scale of participation. The distributed
project management structure also supports outreach efforts because project leaders can
more easily attend in-person events that are clearly important for participant recruitment
across a wider geographic scale, which further increases virtuality. Virtual contribution is
supported by a sophisticated technological system which has a substantial impact on partic-
ipation and organizing.
Technologies are a core input and product for eBird that supports the organizing of vir-
tual participation. The impacts of technology on participation and organizing were most
apparent in the complex interactions of technology design with community practices and
science processes (and by extension, scientific outcomes). The discussions of institutional
relationships revealed that technology adoption of eBird by third parties as infrastructure
signals increasing trust and dependency on the system, but also highlighted potential issues
related to data quality due to adaptation (or appropriation) to fit existing protocols into
eBird’s data management structures. The interviewees further stressed the importance of
swift system feedback in encouraging ongoing participation, as well as the impact of vi-
sualization on lay people’s ability to grasp the larger picture and begin to understand the
importance of habitat for bird conservation. In addition to sustainability of human resources
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in the form of contributors, eBird’s sustainability is intimately connected to the technology
through provision of services such as portals and kiosks, and the use of grant funding for
innovation rather than operating costs. As project participation grows, however, the reliance
on revenue streams tied to the system itself could lead to ongoing challenges with scalability
that may require additional investment in technology.
The technologies that support eBird’s participation processes demonstrate an alignment
of scientific and personal interests which has produced a system that incentivizes participa-
tion by producing outputs that satisfy contributors. Basing the participation protocols on
minor changes and extensions to existing community practices nearly eliminates any formal
training requirements related to the core task of bird observation (although presentations
provide an informal type of training in use of the system) and makes it easy for birders to
integrate into their established routines. The inclusion of features that reduce data entry
burden further supported social participation in the birding community while passively lever-
aging contributors’ personal networks and community connections to encourage increasing
adoption. The participation processes permit participants to contribute at any level with
which they are comfortable by supporting multiple protocols, which is relatively unusual in
citizen science more broadly but appears to promote participation by a wider audience.
Organizing efforts used gentle encouragement to adopt more rigorous protocols, combined
with the affordances of the technology itself, which has led to changes in birder behavior that
generate higher quality scientific data. An important enabler of these shifts in long-standing
habits is that by design, following more scientific protocols also benefits the birders who
enjoy recording and exploring bird data. eBird’s organizers have also maximized the value
of participant contributions through role expansion, recruiting a network of the most expert
and committed contributors to help with data quality management as meta-contributors.
These observations called attention to the importance of communication to promote partic-
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ipation and encourage improved data quality, but more interestingly, showed that indirect
communication through system feedback is a valuable complement to direct interaction be-
tween project leaders and participants. Both communication and participation led directly
to individual development, primarily with respect to domain skills, as did access to data and
visualizations that were reported to have transformative potential.
Successfully organizing large-scale participation was largely attributed to the strategic
choice to hire project leaders drawn from the birding community, which has had a substan-
tial influence on both technology and participation. Notably, the project leaders are not only
birders, but are known and respected within community, so their reputations and networks
directly benefit eBird. While they have science backgrounds, the project leaders were birders
first, and their close connection to the birding community has impacted many aspects of the
project, an influence most apparent in the development of the birder-centric system features
that are eBird’s primary attraction for participants. The project leaders took advantage of
the existing social network of birders with community-based recruitment strategies, primarily
through direct outreach to indigenous organizations in their organizational field, which fur-
ther enabled the small staff to produce large-scale results. This approach was also employed
for organic growth as eBird extended its global contributor base, relying on local organizers
around the world to arrange reviewer networks and recruit participants. Engagement in both
global and local partnerships pointed to the influences of eBird’s institutional context and
partners on both technology and outputs, as partnerships bring additional resources to the
project but require adequate organizational and staff capacity to organize.
Scientific outcomes have been one of eBird’s strengths, as the project has demonstrated
that birders can contribute scientifically useful data, which have been used in scholarly pub-
lications. The project’s effective organization and high levels of participation have yielded a
large volume of data. One of the primary reasons that this was possible is the project’s policy
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to accept all data that participants wish to contribute (and supporting these contributions
with appropriate tools), and expecting researchers to select a subset of the data that suits
their scientific interests, rather than expecting all participants to follow a rigorous, detailed
scientific protocol that would have suppressed participation. Both the volume of data and its
particular characteristics (such as geographical bias) were identified as meaningful influences
that forced researchers to take a different approach to data analysis that involved developing
new statistical models and utilizing high-performance computing resources. Despite (and
because of) these adaptations to science processes, the data have had far-reaching benefits
for science-based decision support and cross-disciplinary research applications.
eBird’s initial and ongoing user-centered technology design processes are combined with
community-centered participation processes, but this foundation was not adequate to ensure
success. The critical factors that proved to be the tipping point for the project were: 1)
changes to the way that the project was organized, particularly the addition of project
leaders who are respected and connected in the birding community, and 2) the shift in the
technology design to better satisfy the personal interests of the community through improved
feedback to contributors. The discussion of the eBird case demonstrates that each of the
constructs in the research questions are tightly interwoven in this large-scale technology-
driven citizen science project.
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CHAPTER VII
Theoretical Framework
This chapter discusses the theoretical framework that was iteratively developed through-
out the study. It served as a lens for focusing the research and, in modified form, also became
an output of the research process. It identifies several practical considerations for citizen
science projects and can help direct future research. This chapter presents a systematic
review of each concept, with examples drawn from the cases.
7.1 Theoretical Framework
The theoretical framework presented in this chapter (Figure 7.1) is one of the contributions
of the current work. It represents an iteratively-developed, empirically-grounded framework
of citizen science that is both congruent with prior models and more refined than existing
frameworks. The diagram shows the expected relationships between inputs, moderators, and
outputs of a citizen science project. It also shows the concepts within each of these categories
that were identified as having a meaningful impact on project organizing, participation, and
outcomes, corresponding to both the research questions and emergent themes from the data.
In Figure 7.1, rectangles represent project-level concepts and ovals represent individual-
level concepts. In addition, while connections are not shown between the individual concepts
within in each category, many of them are related to one another. For example, the states
of satisfaction and commitment are connected both logically and in the interview data.
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Evidence of each of these concepts appeared in the data, and many were further supported
by the complementary conceptual models that will be introduced in this chapter. Table
7.1 summarizes the concepts from the theoretical framework. Notably, all concepts are
based on empirical evidence in addition to any relevant conceptual models, and several
concepts attributed to complementary conceptual models were already present in the initial
framework, as discussed in the following section.
The initial framework discussed in Chapter II served as a set of sensitizing concepts for
data collection and analysis. It was based on an inputs-moderators-outputs-inputs (IMOI)
structure. Through several cycles of revision to incorporate insights gained through em-
pirical observations, the current framework evolved through expansion, simplification, and
reconfiguration of earlier versions (e.g., Wiggins & Crowston, 2010). The deductive process
of theory development was informed by inductive coding and analysis.
Concept Category Level Brief Description Origin
Environment — Global Broader social, cultural, economic, & in-
frastructural conditions
Ganz (2000)
Scientific interests Inputs Project Research focus, questions, & goals Shirk et al. (2012)
Community Inputs Project Social group with shared interests &
practices
Initial framework
Resources Inputs Project Financial, organizational, material, &
human assets
Initial framework
Institutions Inputs Project Institutional context & field Data
Mission Inputs Project Project goals & intentions Ganz (2000)
Technologies Inputs Project Tools & processes for reaching goals Initial framework
Biography Inputs Individual Life experience Ganz (2000)
Personal interests Inputs Individual Motivation, goals, & values Shirk et al. (2012)
Skills Inputs Individual Knowledge, expertise, & abilities Ganz (2000)
Networks Inputs Individual Personal contacts Ganz (2000)
Science Processes Project Research procedures Initial framework
Design Processes Project Initial & ongoing project decisions Data
Organizing Processes Project Project & volunteer management Initial framework
Participation Processes Individual Taking part in project activities Initial framework
Sustainability States Project Ability to continue pursuing goals Initial framework
Commitment States Individual Ongoing responsibility or obligation Initial framework
Satisfaction States Individual Fulfillment Initial framework
Contributions Outputs Individual Task & non-task products Initial framework
Individual development Outputs Individual Learning & socialization Shirk et al. (2012)
Scientific knowledge Outputs Project Scientific findings Initial framework
Broader impacts Outputs Project Intended & unintended products beyond
scientific findings
Shirk et al. (2012)
Table 7.1: Summarized concepts from the theoretical framework.
Throughout the development of the framework, congruence with existing theories was
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Figure 7.1: A theoretical framework of citizen science as a type of virtual organization.
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repeatedly examined, leading to the inclusion of elements from two complementary theories
drawn from other disciplines, discussed next. These concepts captured the essence of the
empirical observations related to several facets of the case studies, integrating elements of
models that represents citizen science form a program evaluation standpoint and from the
perspective of collective action. The description of the framework then turns to the inputs,
processes, states, and products, covering each concept in turn and drawing examples from
the case studies.
7.2 Complementary Theories
Throughout data collection and analysis, as the theoretical framework was tested, elabo-
rated, and refined, additional theories from the literature were evaluated for complementarity
to the developing theory. Two theoretical models were particularly helpful, as they validated
several empirical observations and provided useful ways to frame the concepts that emerged
from the data. The Deliberate Design Model for citizen science is drawn from the ecology
literature, and an early version of the theoretical framework for this study contributed to its
development. As one of very few other conceptual models representing citizen science, its
congruent structure and complementary concepts enhanced the evolving theoretical frame-
work in this study.
The Strategic Process Model comes from the sociological literature focused on social
movements theory and collective action, which is particularly apropos to this phenomenon
because from a theoretical standpoint, organizing and participation processes in citizen sci-
ence can be represented as a form of collective action. The Strategic Process Model provided
a conceptualization of individual leadership qualities that forms the basis of the individual-
level inputs. The process orientation and relevance to organizing large numbers of voluntary
contributors made the Strategic Process Model helpful for representing aspects of citizen
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science that were evident in the data but had not been represented in other conceptual
frameworks.
The Deliberate Design and Strategic Process models are briefly introduced here and their
contributions to the theoretical framework are described.
7.2.1 Deliberate Design Model from Ecology
The Deliberate Design Model from Shirk et al. (2012) (see Figure 7.2) is itself an adap-
tation of a general model, much like the IMOI model. Developed in the context of ecology
research, it represents a particular perspective of citizen science, and is notable for being the
only other theoretical framework besides that presented here that aims to describe citizen
science as a phenomenon. The Deliberate Design Model draws on the program logic model
from the W.K. Kellogg Foundation (also known as program theory in the evaluation field),
which was created as a framework for program development and evaluation (Kellogg:2004,
2004).
Structurally, the program logic model is a set of sequential steps in a linear model: Re-
sources are established prior to Activities, Activities produce Outputs that yield Outcomes,
and Outcomes eventually produce Impacts. These are roughly equivalent to the IMOI model
categories for Inputs, Moderators, and Outputs, but discriminates between first- and second-
order products of the project as well as long-term organizational, community, and/or system
level changes. The basic model as developed in Kellogg:2004 (2004) is entirely linear, but the
Deliberate Design Model acknowledges the cyclic properties of feedback with outputs serv-
ing as inputs to ongoing projects, demonstrating further congruence with the IMOI model
structure.
The correspondence between concepts in the Deliberate Design Model and the theoretical
framework developed in this study is shown in Table 7.2. The specific rationale for these cor-
respondences are discussed in more detail later in this chapter. The inputs for the Deliberate
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Original Concept Corresponding Concepts
Inputs: Scientific interests Inputs: Scientific interests
Inputs: Public interests Inputs: Personal interests
Inputs: Identify question or issue Processes: Science & Design
Activities: Develop infrastructure Processes: Design
Activities: Manage project implementation Processes: Organizing
Outputs: Observations Outputs: Contributions
Outputs: Experiences Outputs: Individual development
Outcomes: Science Outputs: Scientific knowledge
Outcomes: Social-ecological systems Outputs: Broader impacts
Outcomes: Individuals Outputs: Individual development
Impacts: Conservation Outputs: Broader impacts
Table 7.2: Correspondence of concepts from the Deliberate Design Model.
Figure 7.2: The Deliberate Design Model from Shirk et al.
299
Design Model are minimal, focusing primarily on the interests that motivate the creation of
a project, and is intended to highlight the questions of “whose interests are being served?”
The Deliberate Design Model confirmed the empirical observations of scientific and personal
interests from this study, and provided a useful way to describe the goals and motivations
of different groups for engaging in citizen science. These two concepts proved particularly
beneficial for identifying the importance of the alignment of scientific and personal interests
in each case.
The Deliberate Design Model also highlights the different types of outputs observed in
the data, focusing again on whose interests are served, into categories that are reflective of
different potential audiences or purposes for a citizen science project. Science outcomes are
a category of outputs that were retained intact as scientific knowledge in the framework, as
it was an existing point of agreement with the prior version of the framework. The concept
of broader impacts encompasses the potential outcomes similar to those represented under
social-ecological systems, but from a broader perspective.
7.2.2 Strategic Process Model from Social Movements Theory
As mentioned above, citizen science can be viewed as a form of collective action. How-
ever, collective action in citizen science departs from the political focus to which this term is
typically applied. Social movements theory focuses primarily on mobilizing structures, polit-
ical opportunities, and framing processes in order to understand emergent collective action
(McAdam & Scott, 2005). In this literature, collective action is generally conceptualized as a
response to oppression, but there is no such parallel in citizen science. Instead, participation
by members of the public in doing scientific work represents cooperation and collaboration.
The notion of opportunity structures provides a means for bridging contexts of contention
and cooperation. In social movements theory, political opportunity structures enable the
acquisition of resources, and organizing processes generate greater value when mobilizing
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resources from a wider range of sources (Ganz, 2000). A complementary view of mobilizing
structures, defined as “collective vehicles, both formal and informal, through which people
come together and engage in collective action” (Adam, Tarrow, & Tilly, 1997, p.155), links
mobilizing structures with opportunity structures.
Translated to the context of citizen science, these mobilizing structures can be under-
stood as facilitative opportunity structures through which conditions conducive to public
participation are created and resources are mobilized. Several inputs and processes (e.g.,
institutions, technology, organizing) combine to generate facilitative opportunity structures
that support cooperative collective action. For example, ICT enable broader participation
by facilitating input from a wider range of contributors, enhancing the resources available
to a citizen science project. This view harmonizes political opportunity theory focused on
contexts of contention with other forms of collective action—such as citizen science—that
instead arise from cooperation.
In the language of the collective action theorists, facilitative opportunity structures are
created (in part) when rules for participation are created by project organizers in the form
of protocols, which provide the rules for individual observations. These protocols act as
“collective choice” actions made by organizers that reflect a type of governance structures
for participation; contributors who carry out the protocols engage in “operational choice”
actions (Ostrom, 1990). Operational choices lead to actions (observation) and outputs (data)
that are subsequently united into a collective output. Citizen science organizers are therefore
creating facilitative opportunity structures that rely on pooled interdependence to mobilize
distributed actors. These structures of organizing and participation create a different form of
collective action from those characterized in the literature on organizations and movements.
While several frameworks and models from social movements theory may provide new
insights into citizen science, the Strategic Process Model includes several concepts that de-
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Figure 7.3: Reproduction of the Strategic Process Model from Ganz (2000).
scribed the emergent themes in the empirical data. The Strategic Process Model (see Figure
7.3) was developed to conceptualize the notion of strategic capacity in collective action
(Ganz, 2000). Ganz defined strategic capacity as the likelihood that an organization will de-
velop effective strategy, and his model identifies links between leadership and organizational
variables that create conditions conducive to developing strategic capacity.
Like the IMOI model and the program logic model, the Strategic Process Model shows
a link between inputs and outputs, but is substantially different in focus, building on social
psychology, cognitive psychology, and organization theory. The correspondence of concepts
between the Strategic Process Model and the theoretical framework for citizen science is
shown in Table 7.3, and the rationale behind these relationships will later be discussed in
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Original Concept Corresponding Concepts
Environment Environment
Leadership: Biography Inputs: Biography
Leadership: Networks Inputs: Networks
Leadership: Repertoire Inputs: Skills
Organization: Deliberative structure Inputs: Institutions
Organization: Resource flows Inputs: Resources
Organization: Accountability Inputs: Institutions
Strategic capacity: Heuristics Inputs: Resources
Strategic capacity: Information Inputs: Resources
Strategic capacity: Motivation Inputs: Mission
Strategy: Timing Processes (all)
Strategy: Targets Processes (all)
Strategy: Tactics Processes (all)
Outcomes Outputs (all)
Table 7.3: Correspondence of concepts from the Strategic Process Model.
further detail. The key elements of the Strategic Process Model that were adopted for
the theoretical framework in this study include the attributes of environment and qualities
of leadership. The specific concepts related to organization were already present in the
theoretical framework as institutions and resources. The elements which were not explicitly
included were strategic capacity and strategy. Two of the concepts making up strategic
capacity were already encompassed by the project-level input of resources; mission was
included as a translation of motivation at the aggregate level. The components of strategy,
translated to the context of scientific work rather than opposition to injustice, were related
to aspects of the project processes.
Ganz identifies biography, networks, and repertoires as crucial variables related to lead-
ership. The empirical evidence from the case studies showed that it was not leadership
roles that were important in citizen science so much as the individual qualities associated
with leadership. Leadership is generally associated with specific roles, but the qualities of
leadership are present, to varying degrees, in every person regardless of role. The aspects
of leadership identified by Ganz provides an elegant representation of a range of concepts
existing in a prior version of the theoretical framework. They also allowed the conceptual
303
separation of these personal characteristics from processes related to leadership which are
considered a part of organizing processes.
These three variables (biography, networks, and repertoires), associated with leadership
in collective action contexts, are therefore applicable to the full breadth of individuals partic-
ipating in citizen science, and the concepts of biography and networks were adopted without
modification. Repertoires, however, represents the knowledge of skills and behaviors ap-
plicable to collective action; elsewhere, they are also conceptualized as cultural knowledge
(Williams, 1995), which is particularly relevant to communities of practice. In the theoretical
framework for citizen science, these concepts are more simply labeled “skills,” as Ganz asso-
ciates repertoires with competence and local knowledge. Competence and local knowledge
can be assets for both citizen science and other related phenomena by providing a foundation
of contextual knowledge that supports participation and improves outcomes.
Additional contributions to the theoretical framework drawn from Ganz’s model include
the concepts of mission and environment. Ganz represents motivation as a variable related
to strategic capacity. This concept is labeled as mission and included at the project level in
the theoretical framework for reasons discussed in the following section.
Ganz devotes little attention to the concept of environment, but notes that it represents
a broader set of conditions (typically social and political) external to the organization which
are ever-changing, set the stage for collective action, and are reshaped by actors’ strategies.
A similar concept is also present in the collective action models from McAdam (1999),
where it is labeled “broader socioeconomic processes” and framed in the context of political
insurgency. This notion refers to the “structure of political opportunities” that accumulate
over time, leading to expanded opportunities for collective action. As noted above, this is a
parallel concept to that of facilitative opportunity structures in the context of citizen science.
In the current theoretical framework, environment represents broader social, cultural,
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economic, and infrastructural conditions that provide opportunity for collective action. For
example, an example of a characteristic of the environment is public sentiment. While pos-
itive or negative public sentiment towards scientific research undoubtedly influences citizen
science projects, these effects are indirect and not evident in the data collected for this study.
Environment is therefore included as the backdrop to the concepts in the framework, as they
are all affected by these conditions but influence them only indirectly.
In the following sections, the concepts from the theoretical framework are discussed in
more detail. Some of these concepts were introduced earlier in Chapter II, and are now
presented with additional discussion of the rationale for their inclusion in the framework.
7.3 Project Inputs
Inputs such as scientific interests and communities (among others) are the basic building
blocks for a citizen science project. Each project requires different proportions of these in-
puts but needs similar assets (Table 7.4). The inputs discussed in this section represent the
resources and conditions of a project at the aggregate level. These inputs typically serve as
assets for organizers, and less directly for contributors, but can also create constraints. Bal-
ancing these elements is a primary consideration in initial project design, and also influences
ongoing operation.
Concept Brief Description Origin
Scientific interests Research focus, questions, & goals Shirk et al. (2012)
Community Social group with shared interests & practices Initial framework
Resources Financial, organizational, material, & human assets Initial framework
Institutions Institutional context & field Data
Mission Project goals & intentions Ganz (2000)
Technologies Tools & processes for reaching goals Initial framework
Table 7.4: Summary of project inputs from the theoretical framework.
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7.3.1 Scientific Interests
Scientific interests are a necessary ingredient for a citizen science project; projects without
scientific interests, questions, or goals are (perhaps arguably) simply a form of outreach,
education, or scientific communication. While that style of interaction can certainly have
value, the focus in this study was on projects that intended to produce scientific knowledge.
Scientific interests can include hypothesis-driven research, ongoing monitoring, and decision
support where science-based intervention or policy is needed.
The concept of scientific interests was drawn from the Deliberate Design Model (Shirk
et al., 2012), which highlights the importance of alignment between the interests of organizers
and contributors. While seemingly self-evident, this alignment is not a given, though it
has been identified as a logical way to help ensure sustainability of project participation
(Wood et al., 2011). Researchers and project organizers must be sensitive to the interests
of contributors and the ways in which both scientific and personal interests are mutually
served by participation activities. For the GSP, the addition of new plants for monitoring
in response to requests from contributors enabled LeBuhn to consider additional research
questions, demonstrating an alignment of scientific interests and personal interests.
7.3.2 Community
As defined by Wenger (1999), a community of practice is a social group of individuals
who interact with and learn from one another, engage in joint activities based on their
shared interests, and have shared repertoires of experiences, knowledge, and skills. While
communities were generally external to citizen science projects in this study (although com-
munities can certainly form around projects) they can play an important role in supporting
participation and organizing. Communities do not necessarily occur at the project level,
but existing communities are often leveraged by projects, leading to their categorization as
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project inputs.
In the cases presented in this study and more generally, citizen science projects tend to
seek contributors from an existing community of practice whose interests are aligned with the
scientific interests of the project. Often such a community will have associated institutions
and established practices which can serve as resources as well. For example, eBird focuses
on birders, Great Sunflower Project appeals to gardeners, and MountainWatch works with
hikers. For each of the cases, these primary communities of practice are hobbyist, enthusiast,
and/or leisure communities in which individuals become involved out of personal interests.
7.3.3 Resources
Resources are often in short supply for citizen science projects, which are fundamentally
reliant on human resources to achieve their goals. Resources are not necessarily up-front
pools of assets upon which organizers can draw, but may require organizing processes to
identify, appropriate, and assemble (Rao, 1998). One of the reasons for forming citizen
science projects within the boundaries of an organization (discussed below) is that existing
organizations can provide resources needed during the initial stages of project formation that
are otherwise inaccessible. As previously discussed, access to resources in citizen science is
in part an outcome of the development of facilitative opportunity structures that arise from
the interaction of such elements as environment, institutions, and organizing.
From a more operational perspective, resources refer to financial, organizational, material,
and human assets that are leveraged or required for project creation and operation. Even
projects with strong funding found that resource constraints were a perennial issue. At the
opposite end of the spectrum of available resources, citizen science holds the promise of
accomplishing greater outcomes for the fiscal and organizational resources invested in them.
This expectation is primarily because citizen science relies heavily on “free” human resources
in the form of volunteer contributors.
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The human resource dependency of citizen science projects is a definitional characteristic.
If a relatively large number of contributors (compared to available professional human re-
sources) were not required to address scientific interests, the citizen science approach would
be an unlikely choice. The degree to which successfully achieving project goals depends on
participation is often a matter of scale, where scale typically refers to spatial or temporal
ranges, or volume of data. Economies of scale that are often attributable to technologies
make access to volunteers as human resources more feasible than ever before. As a result, the
decreasing costs of technologies is a powerful enabler of the rapid spread of citizen science.
Nonetheless, as the cases showed, limits on human resources in the form of project organiz-
ers was the primary constraint on project growth. For example, Mountain Watch organizers
encountered challenges with a “lack of resources to put time into setting up plots and making
sure someone is checking them” (Geum 2011, 13054–13250).
7.3.4 Institutions
The contexts of most citizen science projects involve a variety of institutional and or-
ganizational influences, two aspects of which are particularly relevant to these cases: the
institutional environment and the organizational field. Organizational theorists from the
“new institutionalism” paradigm variously define institutions, often focusing on such themes
as competition, conflict, and change (Powell & DiMaggio, 1991). Across disciplines such
as economics and political science, institutions have been conceptualized as frameworks of
rules, processes, and social structures (Shepsle, 1989); social arrangements and governance
structures that are intended to reduce transaction costs (Williamson, 1981); and assemblages
of rules that prescribe actions (Ostrom, 1986). These conceptualizations of institutions take
a variety of perspectives, seeing institutions as based upon equilibria, norms, and rules,
depending on different assumptions (Crawford & Ostrom, 1995).
The rule-based view of institutions is most useful for understanding citizen science, as it
308
does not rely on assumptions of rationality or shared perceptions of behavioral norms, both
of which are difficult to apply to distributed collaboration carried out through voluntary
participation. The definition of an institution from a rule-based perspective as “human-
constructed constraints or opportunities within which individual choices take place and which
shape the consequences of their choices” (McGinniss, 2011, p.170) highlights the interaction
of social structures and individual choice. This view is pertinent to citizen science, in which
socially-constructed scientific research expectations intersect with organizational practices,
as it recognizes these influences on the decision-making processes of design, organizing, and
participation.
Institutional Environments and Organizations
Institutions make up the environments in which organizations operate, and organizations
therefore draw upon their institutional environments as sources of knowledge, resources, and
supporting structures (Scott, 1991). Organizations are likewise variously defined, although
most definitions agree with the basic conceptualization of organizations as “social structures
created by individuals to support the collaborative pursuit of specified goals” (Scott & Davis,
2007, p. 11). These social structures are reproduced by structuration processes in which
ongoing patterns of action based on the rules and resources provided by the institutional
environment (Giddens, 1979).
This general definition of organizations as structure and process is most useful to the
discussion of citizen science, as the institutional environments and organizational forms in
which they operate vary substantially. The typical institutional environments in which cit-
izen science projects are organized include nonprofit organizations, academic institutions,
and government agencies, all of which are subject to different institutional environments.
In a few unusual instances, citizen science projects have also been organized by corporate
entities, such as Microsoft’s Pathfinder (Luther et al., 2009) or IBM’s involvement in Creek-
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watch (Kim et al., 2011). The cases selected for this study include projects founded within
conservation-focused nonprofit organizations (eBird and Mountain Watch) and a university
(the GSP). While some citizen science projects are founded outside of a formal organization,
this appears to be relatively rare, likely due to the advantages conferred by institutional
environments, organizational resources, and interorganizational relationships.
Organizational Fields
Interorganizational relationships shape the broader organizational field, defined as “a col-
lection of diverse types of organizations engaged in competitive and cooperative relations,”
(Scott & Davis, 2007, p.117). In the cases presented in this study, the organizational field
includes organizational and research partners, funders, and other institutions that interact
with the project, as well as other citizen science projects. Although it is infrequently ac-
knowledged by practitioners and related literature, citizen science projects do compete for
funding resources and participants, particularly in cases where the domain focus and protocol
are similar enough that differentiating between the projects can be challenging.
At the same time, some citizen science projects collaborate with others, co-promoting
participation in similarly-themed projects that have different levels of complexity in their
participation protocols, are active in different geographic regions, or require different levels
of skills and types of knowledge. For example, one respondent to the survey discussed in
Chapter III mentioned eBird as a competitor to their own bird monitoring project, which had
preceded eBird but was subsequently outperformed by it on several dimensions. By contrast,
another respondent to the same survey works with eBird as a collaborator in a mutually
beneficial arrangement. However, as prior research has noted, compensating for shortages
in internal competencies is not the sole reason behind interorganizational collaborations
because these ongoing relationships also strengthen internal skills through network-based
learning (Powell, Koput, & Smith-Doerr, 1996).
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Formal partnerships between and among organizers and institutions are quite common in
citizen science projects. Every case in this study had multiple partnerships with other citizen
science projects, individual collaborators, nonprofit organizations, research teams, federal
agencies, schools, and/or other groups. The capacity of a project to form, leverage, and
benefit from such arrangements appears to be a useful indicator of project health, and could
potentially help in predicting future performance. Interviewees often noted the additional
effort required to organize and maintain such institutional relationships, but also the benefits
of shared resources or access to needed expertise and skills. The formality of partnership
arrangements in the cases ranged from contractual obligations and funding relationships to
handshake agreements and informal in-kind provision of staff time and services.
In all three cases, the organizational field evolved over the life of the project, beginning
with the initial organizational affiliations of the organizers (e.g., Cornell Lab of Ornithology,
Appalachian Mountain Club, San Francisco State University) and expanding to include a
growing array of partners that brought both resources and learning opportunities. Loose
partnerships became formalized relationships in some circumstances, but all of the projects
maintained a mix of both formal and informal interorganizational relationships. As men-
tioned in the eBird case study, these partnerships brought both opportunities and constraints,
but the project leaders continued to maintain a close match between formal partnerships and
organizational mission, discussed next.
7.3.5 Mission
Ganz (2000) uses the term motivation to describe an aspect of strategic capacity in
his Strategic Process Model, but the theoretical framework for this study represents the
underlying concepts with the term mission for two reasons. First, motivation is an individual-
level concept, incorporated in the theoretical framework for citizen science under personal
interests, while mission is a parallel aggregate-level concept often employed in organizational
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contexts, but nonetheless applicable to projects and generally represented as goals. Second,
interviewees repeatedly referred to organizational mission in the two cases that are set in
nonprofit organizations, and although the concept of a mission is more of an institutional-
level conceptualization, it is a broader label that can also encompass project goals. For
example, a Mountain Watch organizer related project goals to organizational mission by
saying, “we are not trying to do citizen science for citizen science. We’re trying to do
something that is helpful to our science department and our mission” (Geum 2011, 7072–
7337).
From a conceptual standpoint, mission need not be clearly articulated or aspirational to
represent project-level motivations. However, organizers in all three cases specifically referred
to mission—organizational, project-specific, or both—as a guide for decision-making. Project
organizers reported using organizational mission along with project goals in the design and
organizing processes. For projects conceived within a nonprofit organization, leveraging
an established mission is only natural, and the project goals for the cases in this study
were crafted in alignment with organizational mission. The project mission and goals were
frequently mentioned in conjunction with broader impacts, highlighting ways that project
outputs were transformed into unexpected but mission-relevant outcomes. Mission was also
connected to participation, satisfaction, personal interests, scientific interests. In the eBird
project, for instance, project organizers linked large-scale data analysis and visualization of
contributor data to organizational mission: “to see the dynamics...is transformative in the
way people think about biodiversity and natural history. All that kind of visualization of
data is very important, and serves the Lab’s mission” (Dendroica, 27461–27823).
7.3.6 Technologies
Although the definition of technology has historically related to knowledge and practice,
as discussed in Chapter I, in more modern usage, technology refers to the tools and processes
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used to accomplish a goal. In the theoretical framework, technologies are broadly conceived
from a social science perspective. For example, the term can pertain to information and
communication technologies such as computers and GPS devices, but the concept can also
encompass the paper data sheets used in the field. Both of these meanings have been
employed in the foregoing discussions of technologies used to support citizen science.
Information technologies are substantially more important in technology-supported citizen
science projects like eBird and GSP than the preceding models of volunteer monitoring that
had little reliance on ICT, of which Mountain Watch is more representative. Notably, ICT
can also be a fundamental enabler of citizen science, as seen in eBird and GSP, as well as a
mediator of participant and organizer interactions. End-user information technologies were
rarely mentioned by interviewees, as it was an implicit assumption (and in fact a prerequisite)
that contributors have access to the minimum required technologies of a computer and
the communication infrastructure provided by Internet access. As citizen science becomes
increasingly technology-dependent, it relies not only on project-level technologies but also
the infrastructure and personal computing technologies available to participants.
Across the cases in this study, technologies were most strongly linked to design processes,
although resources were also a commonly related theme. Technology design and use is of
particular interest given the potential of cyberinfrastructure to support citizen science (Chin
& Lansing, 2004). Early examples of systems intended to provide cyberinfrastructure for
citizen science include a platform for managing invasive species monitoring projects (Gra-
ham et al., 2008) and the National Geographic FieldScope project to develop a collaboratory
geospatial platform for citizen science (Russell, Switzer, & Edelson, 2011), but information
technologies specifically adapted to citizen science are scarce. Best practices guides recom-
mend that project partnerships include a scientist and an educator to address the scientific
and educational goals of the project, and a technologist to address potentially substantial
313
data management and information systems challenges (Bonney & LaBranche, 2004). Under-
standing the range of interactions between diverse end users and technologies that support
the scientific research is important to creating usable, robust systems for collecting useful
independent contributions by distributed volunteers (Luther et al., 2009).
7.4 Individual Inputs
Each individual brings personal background, characteristics, and resources to a citizen
science project (Table 7.5). Staff and volunteers have diverse demographics, levels of skill,
and motivations for participation that influence their individual contributions to the project.
The types of individual-level inputs discussed in this section are not unique to either project
organizers or participants, but apply to all contributors and users of data generated by
a citizen science project. Three categories of individual inputs are related to leadership
qualities that everyone possesses in varying proportions, while personal interests encompasses
several inter-related concepts such as motivation and personal values.
Concept Brief Description Origin
Biography Life experience Ganz (2000)
Personal interests Motivation, goals, & values Shirk et al. (2012)
Skills Knowledge, expertise, & abilities Ganz (2000)
Networks Personal contacts Ganz (2000)
Table 7.5: Summary of individual inputs from the theoretical framework.
7.4.1 Biography
The theoretical basis of the concept of biography focuses on personal and vocational
commitment, and intrinsic rewards (Ganz, 2000). Biographical experience is considered the
primary source of socialization, cultural perspectives, and motivating interests, encompassing
a wide range of demographic factors that bring diversity and its associated benefits (namely
opportunities for serendipity and innovation.) Biography is the experiential basis for per-
sonal interests and skills, and includes the individual characteristics typically referred to as
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“demographics,” e.g., race, gender, educational background, age, etc. In the case studies,
aspects of biography that were emphasized most often by interviewees included educational
background, age, and community membership. For example, the GSP organizers referred to
their participants as “older adults,” and specified that they meant people over the age of 40.
7.4.2 Personal Interests
Motivation, individual goals, and personal values play a major role in participation and
outcomes for individuals; these concepts are the basis of the personal interests concept.
Motivation, in particular, is of much interest to researchers and project managers (e.g.,
Raddick et al., 2010; Nov, Arazy, & Anderson, 2011), as it is seen as a leverage point for
increasing contribution as well as understanding why people will essentially work for free.
Motivations are neither singular nor static, but rather a collection of reasons to participate
that change with time and experience (Rotman et al., 2012). Most motivations described by
interviewees (across projects) were intrinsic, based on personal interests and values, as well
as community-based social rewards that deepen these intrinsic motivations. This is entirely
congruent with the concept of biography, but adequately distinct that it merits separate
consideration. Although demographics and skills will vary among volunteers involved in
different projects, both practical reports and academic theory suggest a number of common
motivators for volunteerism, which may have differential effects on individual experiences
and performance (Lawrence, 2006; Pearce, 1993; Cnaan & Cascio, 1999).
The concept in the theoretical framework, however, is not motivation, but personal inter-
ests. To consider motivation alone would be an oversimplification of the factors that drive
individual participation, and though frequently mentioned by interviewees, motivation was
not the only variable they described as responsible for initial and ongoing participation.
Personal goals and values are both distinct from but related to motivations. For example, a
personal goal of making a contribution to science, in alignment with personal values of sup-
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porting conservation, can motivate participation (at least temporarily) by individuals whose
interest in the actual participation tasks is limited. An organizer for the GSP explained that
their participants expressed interests based on personal affinity for an organism (bees) as
well as altruistic goals for scientific contribution: “We love bees, and we love what you guys
do, and it’s really important” (Bombus, 13081–13216).
7.4.3 Skills
Skills, knowledge, and expertise are individual assets that become project inputs when
they are applied to project processes. As noted previously, the Strategic Process Model
conceptualizes skills under the label repertoires, which is congruent with the definition used
here. The concept of skills is particularly meaningful in the context of citizen science, as
participants’ skills are often cited as an important influence on project design, participation,
and contributions. Empirically, this relationship is most evident in projects that leverage
the range of participant skills in different roles according to expertise and local knowledge,
such as eBird’s network of volunteer data reviewers. One of the more interesting aspects
of citizen science is the set of mechanisms that are used to accommodate a broad range of
participant skills (Wiggins et al., 2011), which connects the personal attribute to design and
participation processes.
7.4.4 Networks
The term networks, as used here, refers to the social network or web of personal contacts
each individual creates throughout his or her lifetime. These networks are a unique resource
that individuals bring to their participation in a project, including both strong and weak
ties (Granovetter, 1973). They provide projects access to a broader range of intellectual,
human, and material resources, particularly through the engagement of diverse participants.
For example, the eBird project leaders mentioned that their personal networks became an
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asset for volunteer recruitment, “playing on contacts that I’ve made over my years birding,
trying to talk people into helping us” (Stercorarius, 18845–18956).
Ganz notes that sociocultural networks are sources of ideas, mechanisms for recruitment,
sources of social capital, and incubators of new collective identities (Ganz, 2000). Networks
are inextricably intertwined with communities, but distinct in their egocentricities. The
combination of overlapping individual networks yields a broader social network, which typi-
cally includes community connections as well as a host of additional personal relationships.
In addition, communities are typically oriented around a shared primary goal, interest, or
practice, while social networks are formed around individuals.
7.5 Processes
In an IMOI model, the inputs are understood to influence the effectiveness of work groups
through two sets of moderators, processes and states. Processes are the dynamic interac-
tions among group members leading to outputs (Table 7.6). Organizational theorists have
observed, “organizations do not have mechanisms separate from individuals to set goals,
process information or perceive the environment. People do these things,” (Daft & Weick,
1984, p.285). In this theoretical framework, however, all processes, save participation, are
conceptualized at the project level because they are established as collective processes that
involve both organizers and contributors. Participation, on the other hand, is represented at
the individual level because it is carried out by the individual participants who contribute
to the larger project. Most citizen science projects are not designed specifically for group
participation, although most protocols do allow for it, and others explicitly support class-
room participation. Understanding the common processes among citizen science projects is
the first step in designing technological and social arrangements that support intellectual
production and innovation.
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Concept Level Brief Description Origin
Science Project Research procedures Initial framework
Design Project Initial & ongoing project decisions Data
Organizing Project Project & volunteer management Initial framework
Participation Individual Taking part in project activities Initial framework
Table 7.6: Summary of processes from the theoretical framework.
7.5.1 Science
Scientific research processes are an essential part of the framework; as with scientific in-
terests, if there are few or no science-related processes occurring, it is hard to make the
argument that a project is actually citizen science. While it may not be fully applicable
to every project, most scientific research follows a general hypothesis-testing model, com-
monly known as The Scientific Method, with the implicit assumption that there is only one
acceptable process for generating scientific knowledge. In recognition that there are alter-
nate scientific research paradigms which may be relevant to citizen science projects, “science
processes” is used here as a more general term. This distinction is important because, as
one of the eBird organizers reflected, “citizen science will never really replace experimental
types of research” (Dendroica, 29491–29647). eBird also provides a counter-example to the
hypothesis-driven research paradigm, as it is not designed to address specific hypotheses.
The cases selected for this study all share the common contributory model discussed in
Chapter II, in which participants assist in data collection but are not involved in other steps
of the research process. The science processes mentioned most often by interviewees included
design of protocols for participation, data validation or verification, data management, and
analysis. For example, a researcher described how qualities of the eBird data had changed the
science processes related to data analysis: “every step of this process that we do on our data
processing model, we’ve had to change, because of the size and scope of that data” (Passe-
rina, 45651–46456). Science processes were most frequently connected to scientific interests
and scientific knowledge outcomes across the cases, both of which are logical and expected
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relationships. Other relationships that were repeatedly highlighted included links to design
(particularly for protocols), contributions (a required input to analysis), and participation
(with respect to modifications to conventional scientific processes.)
7.5.2 Design
Design is both a process and an artifact, a verb and a noun. In the context of the current
work, it is best understood from the standpoint of design decisions. These decisions mark the
ongoing design processes in a project and often create artifacts that indicate these choices,
such as the Mountain Watch data sheets that progressively changed, showing the evolution
of the project design. Interviewees readily discussed the evolution of their projects with
respect to design decisions. Aside from the initial formulation of a project concept, however,
interviewees rarely differentiated design processes from organizing processes because design
decisions are often made in the context of managing the evolution of an ongoing project.
Therefore, while making the initial design decisions is seen as a specific process in starting a
project, subsequent instances of design decisions tended to be tightly coupled with organizing
processes. This type of overlap in processes was not unique to the relationship between design
and organizing.
Early versions of the theoretical framework focused on specific aspects of design (task
design, technology design, research design), but empirical evidence suggested that they are
too tightly interwoven to be meaningfully separated. Nonetheless, citizen science research
designs and protocols must reflect careful consideration of job design and task design (Cohn,
2008; Trumbull et al., 2000). Organizational design theories link individual-level inputs
and outputs (motivation and performance, similar to personal interests and contributions)
to task design (Ilgen & Hollenbeck, 1991), as do theories of volunteerism (Pearce, 1993;
Wilson, 2000). An example of the match of personal interests to technology design was
identified as a key factor in project success by an eBird organizer : “what’s really driving
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eBird [contributions] is the fact that it does a lot of the things that birders want to do”
(Dendroica, 19808–20365.) In the case studies, project organizers demonstrated an intuitive
grasp of these relationships.
7.5.3 Organizing
Participation and organizing processes are two faces of the same coin. The essential
difference is between formal leadership, staff, or organizer roles and contributor, participant,
or volunteer roles. While these roles may overlap to some extent (e.g., eBird project leaders
are also contributors), there is little evidence as yet to suggest that citizen science projects
can be successful without some minimal hierarchical structure to provide leadership and
fulfill organizing duties.
Operationally, organizing processes encompass the areas of project and volunteer man-
agement. It is possible for a self-organizing citizen science project to emerge, which might
substantially change the ways that project and volunteer management are approached; how-
ever, this study focuses on projects that are centrally coordinated by an organization or
professional researcher. While the term “organizing” might imply initial start-up activities,
much like “design,” a variety of organizing processes are ongoing throughout the lifespan of
a project. Organizing involves coordination, communication, and other types of articulation
work, which is the work required to support core tasks. These activities turn technologies
and resources drawn from organizations into facilitative opportunity structures, creating new
opportunities for members of the public to engage in scientific research.
Communication is important to both organizing and participation and involves both or-
ganizers and participants. Communication is included as a part of organizing processes
because it was a critical aspect of the work of organizers, which was the focus for this study.
Communication in citizen science projects can include one-to-one and one-to-many relation-
ships, a wide variety of technologies, and numerous genres of communication. Each of the
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cases in the study employed different communication strategies, with these choices often
based on the constraints and affordances of the project inputs rather than the strategies the
organizers felt would be optimal. For example, Mountain Watch organizers were able to use
print materials and daily presentations by hut staff to communicate with participants about
the project. The GSP relied primarily on an electronic newsletter and web forums, while
eBird organizers employed listservs, direct email communication, and articles posted on the
website.
The tasks and duties involved in organizing a citizen science project are diverse, and
the specifics depend on numerous aspects of project design. An unique aspect of the citi-
zen science context is the applicability of volunteer management processes often associated
with nonprofit management, e.g., recruitment, selection, orientation, training, supervision,
evaluation, recognition, and retention of volunteers (Pearce, 1993). As a Mountain Watch
organizer explained, the day-to-day management of the project included:
Making sure that I have an intern that’s making kits, it’s basically calling on us to
print and put together the kits, and get those distributed to the different locations.
Writing the newsletter, overseeing the outreach...and getting that all happening.
Promoting it, even within our own facilities, reminding people that it’s Mountain
Watch time. So yeah, it’s just making it happen. (Geum, 33981–34767)
As multiple organizers confessed, these practical details were a much larger effort than they
had originally anticipated and they found few resources to help them get started. Nonethe-
less, common challenges, opportunities, and strategies for success have emerged in the form
of “best practices” for organizers. The analysis in this study seeks to clarify the underlying
theoretical foundations for these practical recommendations.
7.5.4 Participation
Literally speaking, participation means “to take part,” implying a relationship between an
individual and a larger group. For this reason, participation is represented at the individual
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level, and individual contributions from participation activities are aggregated as project
outputs. Participation in citizen science projects is a form of collective action, linking these
processes intimately with the mobilization processes of organizing.
Participation processes lie at the intersection of science and organizing processes in citizen
science. Without adequate participation, the science couldn’t happen; without adequate or-
ganizing, participation is ineffective at best. Design choices were also critical to participation,
a relationship that is exemplified by the carefully constructed protocols that participants fol-
low to generate contributions. The focus on producing science, however, often means that
participants’ roles are highly constrained due to the necessity of following a protocol to
generate scientifically useful data.
In the case study data, numerous factors both supported and discouraged participation.
For example, the interaction of participation with technologies was often mentioned by eBird
organizers, who reported that data entry was a deterrent to participation, but data displays
produced by the system were satisfying and encouraged participation. Participation was a
particularly multi-faceted concept that was closely related to nearly every other theoretical
framework concept, confirming that it is a definitional aspect of citizen science.
7.6 States
States are dynamic properties of the group that vary as a function of inputs and processes;
the emergent states of a system can be thought of as a way to understand the health of the
system. Evaluating these states should indicate the degree to which the system is fully
functional. Hackman’s model of group effectiveness includes the group’s continued ability
to work together as an output, which speaks to the sustainability of the project’s goals and
social structure. States such as sustainability and satisfaction could be considered outputs,
but these concepts are more indicative of a project’s current status than production. In
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the theoretical framework for citizen science, the states of satisfaction and commitment are
observed at the individual level, while sustainability is at the project level.
Concept Level Brief Description Origin
Sustainability Project Ability to continue pursuing goals Initial framework
Commitment Individual Ongoing responsibility or obligation Initial framework
Satisfaction Individual Fulfillment Initial framework
Table 7.7: Summary of states from the theoretical framework.
Prior research on virtual organizations has identified the importance of interpersonal
relationships that affect the sense of group community, and thus its long-term sustainability
(Markus et al., 2000). There was little evidence in the empirical data of any sense of project-
oriented community (which may be due to sampling), and communities of practice to which
a project is related seemed to fulfill this role instead. Likewise, the concept of collective
identity from an earlier version of the conceptual framework found little support in the
data. This does not mean that collective identity is not a relevant concept, but that there
was no substantive evidence for it in the current study, and a participant-focused study
might find more evidence of identity-related concepts. Another concern is volunteers’ level
of commitment to the project and how it influences their task performance (Cnaan & Cascio,
1999); the topic was repeatedly raised in interviews with project organizers. Understanding
how these factors affect the social and technological barriers to and enablers of participation
is important for effective cyberinfrastructure and project designs.
7.6.1 Sustainability
Project sustainability refers to the ability of the project to continue operating as intended
in pursuit of the project goals, typically implying maintenance of resource flows. Sustain-
ability can refer to a number of aspects of project operation, such as resource sustainability
and technological sustainability. It was also seen as a measure of project success: “it’s
maintained in a way that is sustainable and continues on and really takes hold within the
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volunteer communities... I would see that as a success” (Geum 2009, 27956–28453).
The cases in this study indicated that sustainability was most strongly related to resources,
followed by design and organizing, making the point that sustainability does not happen by
accident. Although the interviewees had clearly given much thought to sustainability, it
is not apparent that it is an obvious or up-front consideration when projects are getting
started. This may be particularly true when the scale of participation is difficult to predict,
as scale seems to be a critical factor in assuring sustainability as a project evolves. Including
sustainability goals in project design and organizing processes is important to supporting
increased scale and ongoing operations, but sustainability can be threatened by lack of
stability and reliability of supporting technologies, protocols, and sources of funding.
7.6.2 Commitment
Commitment refers to an individual person undertaking project activities as an ongoing
responsibility or obligation, and applies both to contributors and organizers. The notion
of commitment was frequently associated with the concept of personal interests and mis-
sion in the sense of a shared commitment to project goals Because participation on the
part of contributors is voluntary, participant commitment was viewed primarily as the ded-
ication of the individual to the project rather than, for example, a sense of responsibility
due to membership in a related community of practice. Regular, ongoing participation is
the commitment that project organizers typically desire from contributors, with emphasis
from interviewees on harnessing, reinforcing, and increasing participants’ commitment to the
project. An eBird organizer gave an example of an individual who “really likes the looks of
the bar graph checklists that are produced, and to do that well, you have to go every day,
or almost every day. So he’s turned into a real zealot about it” (Otus, 9428–9683).
The commitment of the organizers to supporting project stakeholders, e.g., by providing
rewarding participation experiences or openly available data sets, was generally expressed
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indirectly but seems no less important than commitment on the part of participants. LeBuhn
reported that feedback from contributors suggested that they found participation in the GSP
personally empowering, and said “that’s the thing that sort of maintains my commitment.
I’m committed to the research, but I really think that’s important, and a little gift” (LeBuhn
2009, 20675–21147). Commitment may also be related to the pervasive participation pattern
in which a small proportion of participants make the majority of the contributions, a pattern
which has become increasingly evident with the growth of online contributory communities
that generate readily observable evidence of different levels of contribution.
7.6.3 Satisfaction
Satisfaction is clearly related to personal interests, particularly when participation is a
leisure activity. While motivation speaks to intent, satisfaction speaks to fulfillment. When
satisfaction overlaps with personal interests, there is a strong fit between citizen science
projects and individual contributors. Satisfaction is conceptualized at the individual level
because that is how it is experienced, although other sources of satisfaction may stem from
collective or project outputs.
The concept was an emergent theme in the interviews that arose in connection to existing
concepts, such as personal interests, organizing, and technologies. One of the GSP organizers
explained that respondents to a participant survey indicated high levels of satisfaction linked
to project goals: “They are happy because they loved our mission, they support it, and they
feel good about supporting the mission” (Bombus, 16847–17242). Dissatisfied participants
(or former participants) would be less likely to respond to such a survey, but this also supports
the notion that satisfaction is important to retaining active contributors. Some of the less
satisfied minority also made their opinions known, however, and according to organizers the
primary complaints focused on usability problems and the elimination of free seeds.
An eBird organizer mentioned the importance of satisfying contributors in multiple ways,
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saying “I think that’s one of the other drivers of this, besides providing tools, many of the
output mechanisms provide recognition for those birders who actually submit data” (Ceryle,
32419–32586). Satisfaction is important to both participants and organizers; although the
primary focus was on participant satisfaction, a few instances of satisfaction on the part
of organizers were also notable. In particular, organizers whose roles involved only indirect
contact with contributors expressed great satisfaction from seeing comments and feedback
from participants.
7.7 Outputs
Outputs are the products of the project’s inputs, processes, and states (Table 7.8). Out-
puts represent the consequences of a functioning group and are often viewed as a proxy for
process effectiveness (which is different from ongoing project health as represented by project
states). In observation-based citizen science, the outputs are usually data collection and/or
analysis, participant experiences, scientific knowledge, and broader impacts. The outputs
of projects are challenging to compare across contexts, as different measures bear different
meanings in context. This variability often depends on the project mission as well as design
and science processes, among other factors (Lawrence, 2010).
Concept Brief Description Origin
Contributions Task & non-task products Initial framework
Individual development Learning & socialization Shirk et al. (2012)
Scientific knowledge Scientific findings Initial framework
Broader impacts Intended & unintended products beyond scientific findings Shirk et al. (2012)
Table 7.8: Summary of outputs from the theoretical framework.
An important feature of an IMOI model is that outputs themselves become future inputs
to the dynamic processes that can then lead to outputs. For example, contributions of data
feed back into continuing science processes to produce scientific knowledge. In the GSP, the
initial steps of research design were organized by project leaders, after which participants
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collected data, creating (in aggregate) a project output. These data were then used for
analysis in the continuation of scientific research procedures, which is an ongoing process.
Hackman (1987) emphasizes a duality in outputs, incorporating both task and non-task
outputs in the model of group effectiveness. Contributions and scientific knowledge are task-
related outputs, but individual development is a type of non-task output. In the theoretical
framework, the concepts of individual development and broader impacts represent the non-
task outputs of citizen science.
7.7.1 Contributions
The use and value of contributions is predominantly dependent on aggregation, so the
concept is represented at the project level. Contributions are task outputs that can usually
be quantified or measured, and citizen science projects will often refer to numbers of obser-
vations, participating individuals, volunteer hours, and similar measures (Phillips, Bonney,
& Shirk, 2012). For example, eBird organizers mentioned a variety of ways to measure con-
tributions, such as the number of species reported, the number of locations for observations,
and rates of contribution.
Contributions represent a wider array of project outputs than just data or analysis, how-
ever, even though these are certainly the primary and perhaps most important types of in-
dividual contribution to citizen science. Additional contributions include meta-participation
tasks, such as data review and validation, answers to questions posed by other participants,
and suggestions of features or improvements to technologies. Contributions are more easily
quantifiable than most other concepts in the framework, but as previously noted, how they
are established and what they mean for a project can vary substantially from one project to
another. Although most contributions are generated at the individual level, others can be a
team effort, a characteristic pertaining primarily to contributions made by organizers, such
as reusable methods, protocols, or systems.
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7.7.2 Individual Development
Learning, skill development, and socialization are types of individual development that
can directly result from participation in citizen science. A variety of other forms more specific
to conservation and ecology have also been identified in the ecology literature (Trumbull
et al., 2000; Wilderman, 2004; Overdevest, Orr, & Stepenuck, 2004; Brossard et al., 2005;
Phillips et al., 2012). The forms of individual development discussed by interviewees and
identified in the literature were often direct and potentially immediate results of participation
processes, in addition to resulting from ongoing processes.
Scientific knowledge and broader impacts required aggregated contribution outputs and
potentially further processes (i.e., continuation of science processes that are sequentially
dependent on contributions.) In contrast, many individuals’ personal development oppor-
tunities occur during the participation processes that resulted in production of individual,
unaggregated contributions. Participation was consistently identified by project organizers
as the primary source for new skills, learning, expertise, and experiences. This observation
was also confirmed through participant observation. For example, one organizer saw eBird
data as a prompt for reflection on the part of both contributors and organizers, noting that
bird migration visualizations “makes you think about...how are we affecting those areas,
and if we have a restoration strategy for the Mississippi, that this has influence on birds
that then appear all across the eastern United States” (Columba, 10820–11052). Additional
influences on individual development included mission, organizing, personal interests, and
commitment.
7.7.3 Scientific Knowledge
The production of scientific knowledge advances our understanding about the world (and
universe) around us. Scientific knowledge production is a primary goal of citizen science
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projects, and therefore represented at the project level; these outputs follow from scien-
tific interests and science processes. The simplest operationalization of the concept are
measurable outputs such as data sets, scholarly publications, and methodological advances.
Collectively, the scientific contributions of citizen science are in fact substantial: Dickinson
et al. (2010) estimated that over 1,000 peer-reviewed publications and technical reports have
been produced from eight large-scale citizen science project data sets, and the availability
of new sources of citizen science data continues to grow. Out of the cases in this study, the
eBird project has been successful at producing scholarly articles, while the others needed
more time to refine protocols and collect longitudinal data in order to answer their research
questions.
The case studies also demonstrated that applied scientific knowledge is an output of citizen
science at least as often as contributions to the scholarly knowledge base. The scientific
knowledge gleaned from contributions is frequently used to inform decision-making in a
variety of areas such as policy, land management, and conservation actions, which is in
fact a primary goal for many citizen science projects (Danielsen et al., 2009; Overdevest &
Mayer, 2008). This was particularly important to AMC organizers, who included an opinion
question in addition to asking volunteers to evaluate more objective indicators of air quality:
[It] relates to the resource management question, that under the Clean Air Act...air
quality is one of the main resource values that is protected. And so we’re trying
to get a sense of what levels are acceptable, and when is it unacceptable, and how
does that translate into managing visibility resources and addressing the pollution
problem. (Geum 2009, 3884–4353)
Accordingly, the notion of scientific knowledge used in the framework should be understood
to include science outcomes that are not a part of the scholarly record. Applied scientific
knowledge outcomes should be understood as the scientific findings themselves, rather than
the related decision-making outcomes (which are broader impacts.) This may make it more
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difficult to assess and compare project outcomes; for example, comparing the value of a
scholarly article to a technical report that informs a conservation intervention or policy
determination seems likely to be a fruitless effort.
7.7.4 Broader Impacts
Scientific knowledge, both scholarly and applied, are not the only scientific outcomes of
citizen science projects (Brossard et al., 2005). In particular, the notion of broader impacts at
the project level encompasses unintended outcomes. The concept also includes the intended
broader impacts that researchers must often specify when seeking funding, which go beyond
addressing scientific research goals. Applied scientific knowledge can lead to broader impacts
by contributing to decision-making that may have far-reaching effects, demonstrating an
inherent relationship between these two types of outputs.
Interviewees noted the potential of participation to lead contributors toward taking action
on conservation issues to support small-scale collective action, to serve organizational mis-
sions by providing a new way to communicate with the public, and to improve availability of
information for decision-making beyond the original expectations. An eBird portal organizer
gave an example of a disaster response situation that eBird data could have improved:
I remember we had...a gas tank spreading all the gas, the petrol in the sea close
to a factory where they were treating this petrol, and destroying a penguin colony.
And the local consultants never consider this penguin colony, explaining that he
did not know that there was something [there]. Of course, if you have this kind
of information freely on the web, nobody can say “I did not know.” If we have
information on the web, you have to use it. (Diomedea, 16726–17314)
Another broader impact seen in the case studies was the adoption of citizen science data,
tools, protocols, and infrastructure by third parties. The adoption and appropriation of
these project products supported and streamlined day-to-day operations and also enabled
new partnerships external to the citizen science project.
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The literature has also noted outcomes such as improved relationships between institutions
and communities (Ballard, Trettevick, & Collins, 2008), and increased likelihood of policy
engagement by participants (Overdevest et al., 2004). These outcomes can be challenging to
measure, however, or may be adequately unique that it is difficult to demonstrate a bottom-
line value that can be used as a justification for funding. They were typically presented
by the cases in this study as a sort of added bonus to the project outputs and scientific
knowledge outcomes. Focusing more closely on the benefits of these non-scholarly products
could reveal a much higher level of effectiveness in citizen science than is currently apparent,
particularly for projects whose scientific goals are not focused on publication.
7.8 Theoretical Framework Reflected in the Cases
To better understand the relationships between the concepts from the theoretical frame-
work, concept network diagrams were constructed for each case (Figures 7.4, 7.5, and 7.6.)
These diagrams represent the relative frequency with which statements in interviews were
coded with two different concepts. The thickness of the lines between concepts indicates
the relative frequency with which each pair of concepts co-occurred. The thickness of the
outline around each concept indicates the relative frequency with which each code occurred.
As in the theoretical framework diagram, rounded boxes represent project-level concepts,
and squared boxes represent individual-level concepts.
Notably, not all of the connections are displayed : a threshold was set to remove the
most infrequent connections (e.g., single instances) in order to highlight those relationships
that were most strongly emphasized. The degree of emphasis on particular concepts and
relationships were affected in part by the interview protocols and sampling. Interviewees
were consistently asked identical questions about technologies, organizational arrangements,
participant characteristics, and the evolution of the project. Each interview, however, also
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followed the direction of the interviewee’s interests and involvement in the case, reflecting
his or her personal perspective.
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Figure 7.4: Mountain Watch concept relationship diagram.
The three cases showed different relative emphasis on different concepts and relationships
between them; this was expected. A number of observations can be drawn from these
figures, but the discussion here will focus primarily on the most consistent and strongest
relationships. Notably, however, the discussion does not systematically evaluate negative
connections; simply because there is no connection shown between a pair of concepts does
not mean they are unrelated. The lack of an apparent link between concepts may be due to
linguistic, semantic, or analytic artifacts, and indicate potential areas for closer examination.
The analysis here focuses on those relationships that were evident in the data to demonstrate
the utility of the theoretical framework for surfacing and better understanding the underlying
themes in the case studies.
For example, all three projects showed strong emphasis on the relationship between de-
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Figure 7.5: The Great Sunflower Project concept relationship diagram.
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Figure 7.6: eBird concept relationship diagram.
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sign and participation, reinforcing the notion that the design of participation processes is a
particularly important aspect of all citizen science projects. All three cases demonstrated
a heavy reliance on resources to support technologies, emphasized slightly more often by
the GSP organizers than in the other cases. Likewise, all three projects noted connections
between biography and personal interests, skills and participation processes, science interests
and science processes, science processes and scientific knowledge, institutions and organizing,
resources and organizing, and resources and sustainability.
The relative strength of the connections also provides insight into the cases. The rela-
tionship between institutions and organizing was similarly weighted across all the cases, as
was also the case for the relationships between skills and participation processes, biography
and personal interests, and participation and design processes. The GSP put substantially
higher emphasis on the relationship between resources and sustainability, reflecting the low
level of institutional resources available to support the project on a long-term basis.
Strong connections between scientific interests and science processes were evident in
Mountain Watch and the GSP, but were much weaker in eBird. The difference could be
explained by eBird’s lack of focus on a single research goal, as it is instead designed to col-
lect data amenable to a wide variety of scientific research. The lack of a connection between
design and science processes for eBird provides further evidence for this explanation.
Several instances where relationships are shared by only two cases are also telling. For
example, there was a connection between technologies and design in both the GSP and eBird,
but not for Mountain Watch, for which technologies were not central to participation. The
concepts of mission and personal interests were connected for Mountain Watch and the GSP,
but not eBird. This reflects the eBird organizers’ stronger emphasis on self-satisfaction rather
than altruistic mission-focused participation, which is related to the project design approach
and a topic of later discussion. Along similar lines, a connection between technologies and
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design was observed for both the GSP and eBird, in which ICT was a fundamental part
of participation. No such relationship was evident for Mountain Watch, in which ICT was
much less central.
Interestingly, the connection between community and personal interests were evident
in both Mountain Watch and the GSP, but not in eBird, where the personal interests of
members in the community of practice were thoroughly integrated into project design. This
connection was taken for granted in discussions by the eBird organizers, for whom there
was little question about the personal interests of community members. Comparatively,
the personal interests of hikers and gardeners were brought up much more frequently by
organizers in the other cases, who were less certain about the alignment of the personal
interests of community members and the project goals.
Several of the relationships highlighted here are relevant to the topics of the next chap-
ter, in which the synthesis of the theoretical framework and cases focuses on the multiplex
relationships between these concepts in the context of the cases.
7.9 Summary
This chapter focused on the theoretical framework developed throughout the course of the
research. The discussion of concepts drawn from theoretical models from other disciplines
showed the congruence between the citizen science framework and other models, as well as
the existence of concepts that bridge these phenomena and fields. It also documented key
aspects of the development of the theoretical framework.
Next, the concepts included in the theoretical framework were systematically examined.
The relevance of each concept for the phenomenon and rationale for its inclusion in the
framework were discussed, with examples from the case studies to support these claims.
The chapter concluded with a high-level comparative analysis of the relationships between
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the concepts from the theoretical framework that were evident in the case studies. The
analysis considered the application of the theoretical framework to empirical study of citizen
science, and found logical and expected relationships between concepts that recurred across
the cases. There were also notable variations on a case-by-case basis that were reflective of
the context of each case study, and a number of the observations briefly highlighted here will
be discussed further in the following chapter.
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CHAPTER VIII
Cross-Case Analysis
This chapter discusses the findings from cross-case analysis of the case studies, synthe-
sized in an analysis of five thematic topics that relate to theoretical concepts from both the
framework and the research questions. The emergent findings from the case studies include
five thematic topics that relate to theoretical concepts from both the framework and the
research questions.
1. Citizen science project design approaches that favor science versus hobbies for partici-
pation design.
2. Project design and organizing implications of engaging communities of practice.
3. Relationships between physical environment, technologies, participant experiences, and
data quality.
4. Information technology tradeoffs: helpful for scale and communication, challenging for
usability and resources.
5. Resources and sustainability relate to institutions and scale of participation.
8.1 Comparative Analysis of Case Studies
In the previous section, a theoretical framework developed through the research process
was presented in detail. The system-level framework provided an evolving lens for examining
rich data and highlighted meaningful relationships between important aspects of citizen
science when conceived as a virtual organizational structure. It provided a useful tool for
337
advancing the analysis and interpretation of the data, and can be put to additional uses to
support practitioners by providing focus for planning and evaluation.
However, as with any such model, the theoretical framework cannot fully elucidate the
nature of the relationships between the concepts it has helped to identify. Many aspects
of the concepts and their definitions remain open to interpretation and will benefit from
further verification and elaboration in future research. This chapter focuses on discussing
emergent themes related to the theoretical framework, which will in turn be used to address
the research questions in Chapter IX.
The emergent themes, generated through an iterative inductive process described in Chap-
ter III, can be readily associated with concepts from the theoretical framework (see Table
8.1). The associations demonstrate the relevance of the concepts for understanding the
phenomenon explored through the case studies. It also shows the degree of interconnected-
ness between these concepts in the context of citizen science, although not every connection
between the topics and theoretical framework concepts is fully examined in the following
sections.
The remainder of this chapter will focus on describing the deeply intertwined, multiplex
relationships between these concepts, addressing the research questions through synthesis
and grounding in comparisons between the cases. Each of the five themes discussed in this
chapter relates to the others, and yet stands alone. Like many other complex sociotechnical
systems, a single unifying narrative to neatly combine these diverse facets of the phenomenon
would be a fiction.
8.2 Scientific Work Versus Lifestyle Activities
Project design approaches that favor science procedures versus lifestyle (leisure or hobby)
practices as the starting point for participation processes are related to the majority of the
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Sustainability Contributions,
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Broader
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Table 8.1: Association of thematic topics with theoretical framework concepts.
concepts in the theoretical framework. These choices were observed to impact all of the
science-related factors in the cases, particularly through the organizing and design processes
of developing usable protocols. The contrasting project design approaches are connected to
several concepts in the theoretical framework, shown in Table 8.2.
Theme Individual
Inputs
Project
Inputs
Processes States Outputs
Science versus
lifestyle
Personal
interests,
Biography
Scientific
interests,
Community
Participation,
Organizing,
Design
Satisfaction,
Commitment
Contributions,
Individual
development,
Scientific
knowledge
Table 8.2: Association of project design approaches with theoretical framework concepts.
The typical revision cycle for protocols in the dominant science-oriented project design
strategy had implications for resource requirements and the time required to produce scien-
tific outcomes, both of which played into project sustainability. The alignment of scientific
interests with personal interests that the project design choices reflected further guided the
way participation processes evolved. Some projects offer more options and others narrow
the tasks, with meaningful impacts on the scientific outcomes that can be achieved. The
339
narrowing and expanding of participant roles connects to participant autonomy. This charac-
teristic of participation design affected satisfaction, commitment, and the ways that personal
interests and skills could be leveraged to incentivize ongoing participation and increasing con-
tributions. The topics of revision cycles, alignment of interests, and participation design are
the focus of the following sections.
8.2.1 Revision Cycles
The typical science-oriented project design adapts conventional science processes by re-
ducing their complexity for public participation. As a result, most such projects experience
several revision cycles, major or minor, that can add up to years of delays before scientific
outcomes can be achieved. This was not the case for eBird, which based its original protocols
on existing community practices.
As a project leader reflected, “We have changed some of the ways they [the protocols]
appear or formatting but the definitions are essentially the same” (Pinicola). The early issues
related to data quality and usability for scientific research were instead due to which protocols
participants selected when reporting observations. When the ways that protocols match
birding practices were clarified and emphasis was placed on the more scientific protocols,
the volume of observations submitted according to the more scientifically useful protocols
increased substantially in a very short period of time. These changes to birding practices
did not require participants to change to the way they already performed the fundamental
task (observing birds), but instead meant incrementally augmenting those activities with
additional information. Providing additional rewards to contributors in the form of new
technology features (e.g., yard lists) further incentivized contribution of the most desirable
data for research purposes, again without any changes to the protocols themselves.
As mentioned, this is an unusual situation in citizen science. By comparison, the GSP
and Mountain Watch projects followed the usual model of adapting a scientific task to a
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format suitable and palatable for public participation. In both cases, the necessary cycles
of protocol revision slowed the production of scientific outcomes. Piloting the procedures
was inadequate for fully identifying and addressing issues with protocols that were identified
only when the projects were launched for full-scale participation. Since both projects were
also seasonal in nature, each revision cycle took up to a full year to collect the data and
analyze quality. Year-long revision cycles add up. When the process of producing a viable
protocol to meet scientific goals takes several years, initial funding is quickly exhausted
before the project is able to produce results or truly engage participants at full scale. This
leaves organizers in a particularly tough position: just when the project is poised to succeed,
resources evaporate.
Simply put, making a case for supporting a citizen science project on scientific merits is
even more difficult when results have yet to materialize. At the same time, the evolution of
the participation protocols and processes seems inevitable for most projects.
8.2.2 Participation Process Evolution
Most citizen science projects, particularly those taking a science-first design approach,
require multiple revisions to the scientific protocols that impact the participation processes.
The net effects of these changes lead to an evolution in the alignment of scientific and personal
interests, as seen in the eBird case: although the birders were always interested in birds, only
when the project catered to that interest was the desired scale of participation achieved.
The nature of changes to participation processes, made to support improvements to the
scientific outcomes of the project, can also affect the experience of participation, with rami-
fications on participant satisfaction, commitment, recruitment and retention. These changes
either broaden or narrow the task options and roles that contributors can play. Examples
of broadening the task options included additional protocols and ways to contribute (such
as the yard lists) in eBird and the addition of phenology monitoring in the GSP. Another
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broadening of options came from the addition of new monitoring plants in GSP.
Broadened tasks give participants more choice in the way that they participate, which
provides them with a different level of autonomy in relation to the project participation
expectations. It also enhances project appeal because there are additional personal interests
that participation may serve, and can lower barriers to entry. For example, if an individual
was already growing rosemary and Purple Coneflowers but not Lemon Queen sunflowers,
they could still join the GSP mid-season and contribute data from existing garden plants,
rather than having to wait until the following year to plant the one specific species that had
been designated for monitoring.
By contrast, a narrowing of the participation tasks occurred in Mountain Watch, and the
net effect likely also lowered barriers to entry. Reducing the number of scientific tasks ex-
pected of hikers who have little domain expertise and less direct affinity for alpine wildflowers
(compared to the trails and mountains) simplified participation. Reducing task complexity
may have made it easier for less confident contributors to decide to participate. At the
same time, Mountain Watch organizers did not remove all participant autonomy: although
specific locations were marked to simplify the monitoring process, there was also space on
the data sheet to accommodate making observations at other locations, as well as a general
data sheet that would allow entirely self-guided location selection. This choice prevented
stifling the interests of more experienced, advanced, or enthusiastic contributors, continuing
to provide them greater autonomy with respect to the location choice for participation, even
if these data are less useful than those collected at permanent plots.
Broadening and narrowing the participation tasks therefore indicated common probable
consequences across cases based on potential to expand participation. The convergent results
of divergent strategies suggests that rather than over-simplifying or complicating participa-
tion processes, each project worked toward a middle path that permitted just enough choice
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without overwhelming contributors, although the organizers may not have recognized it at
the time. Across the cases, this evolution also had similar benefits for scientific outcomes.
Influences on scientific outcomes reported by organizers included better data quality and
higher volume of contributions through repeated participation and increased participant
satisfaction. The task expansions in both eBird and the Great Sunflower Project addressed
known participant interests that contributors had expressed to organizers. The Great Sun-
flower Project organizers broadened the participation tasks in responses to popular demand
by adding popular garden species which best fit the scientific goals. For eBird organizers,
the patch and yard list features were developed to elicit more contributions of the most
valuable data for research by providing rewarding feedback. As members of the recreational
birding community, the project leaders were able to identify this opportunity based on their
own interests, but had also previously received participant feedback requesting features that
would incentivize collecting lists from the same location, which further confirmed the utility
of the approach.
Both Mountain Watch and the GSP had repeated revision cycles, discussed above, that
also affected the broadening and narrowing of the projects. Identifying the data quality
problems in Mountain Watch contributed to the narrowing of participation tasks to better
accommodate skill deficits. Interestingly, direct observation and attempts to replicate the
participant data collection process were necessary to identify the challenges volunteers en-
countered with the participation process. For the Great Sunflower Project, direct observation
of participants was not feasible due to the geographic scope of the project. The challenges
of spatially distributed work highlight contrasting affordances and constraints with respect
to the observability of participant behavior and the potential for resulting changes to par-
ticipation processes to better accommodate participant autonomy, interests, and skills.
In eBird and the GSP, the choices to modify participation tasks were also linked to
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individual-level states of satisfaction and commitment. Adding desirable features that broad-
ened ways of doing the core tasks in eBird, for example, increased the commitment of the
yard list and patch list competitors. Adding desired monitoring species for the GSP offered
additional satisfaction to the existing participants. In both cases, the changes led directly to
increased contribution volumes and repeated sampling at set locations, which also yielded
improvements to the overall data set. For Mountain Watch, the narrowing of the task may
have resulted in greater participant satisfaction due to reduction of uncertainty, but the
potential effect was not confirmed.
Across the cases, these changes also leveraged personal interests and the known contribu-
tor skills to incentivize ongoing participation, repeated participation, and increased volume
of contributions. By adjusting task options to meet a wider range of interests and skills,
these practices reflected job design principles related to participant autonomy (Ilgen & Hol-
lenbeck, 1991), which would be expected to enhance commitment and satisfaction (Millette
& Gagné, 2008).
Offering greater autonomy is in direct conflict with the standards of conventional science,
which emphasizes uniform protocols and carefully controlled processes, removing as much
autonomy as possible in data collection. In the cases in the study, participant autonomy was
accommodated in a number of ways, such as the inclusion of optional protocols and additional
choices for monitoring species (the GSP), choices of locations for participation (Mountain
Watch, eBird, and the GSP to a lesser extent), frequency of participation (eBird, the GSP,
Mountain Watch), and choices of observation protocols, timing, and duration of participation
(eBird). eBird’s participation processes, which mirror community practices more closely
than scientific research processes, allowed participants substantially more autonomy to fit
participation into their lifestyle than most citizen science projects. This tight alignment
between scientific data collection processes and existing community practices contributed
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substantially to eBird’s success in generating scientific outcomes.
Comparatively, protocols derived from conventional science practices tend to narrow the
required and available options for participants over time, as seen in Mountain Watch. This
trend, which often places greater emphasis on data quality at the cost of participant satisfac-
tion, may also lead to reduced retention in the long term as participants find little room for
expansion of their participation. Careful design of self-reinforcing participation experiences,
however, can make a substantial impact on the appeal of ongoing participation and was
observed to lead to increased commitment for some contributors.
8.2.3 Design of Self-Reinforcing Experiences
To state the obvious, making participation fun incentivizes ongoing contribution, supports
participant commitment and satisfaction, and eases recruitment and retention of contribu-
tors. In two of the cases, organizers explicitly mentioned the moderating desire to avoid
beating people over the head with the task, making project engagement something that
volunteers want to do.
Accomplishing this goal is easier when the task can be based on an existing community
practice. The example from eBird shows a type of participation in which the scientific task
is secondary to a pleasure activity and a minor extension of existing practices. In science-
first project designs, however, it is more difficult to create alignments between participation
tasks and community practices. Most conventional science tasks bear no semblance to hobby
pursuits and can be somewhat awkward when packaged as such, so convincing volunteers to
undertake new tasks may be more challenging. In particular, organizers may have to work
harder to convince would-be participants that they are adequately capable of the task, which
is potentially less interesting to them and may not fit as easily into day-to-day activities.
An example of a way to modify a protocol from a science-first to a community-first
design was mentioned by a Mountain Watch organizer. Instead of asking volunteers to do
345
a variety of identification tasks in the field, participants could instead make photographs
of the monitoring plants at the designated sites. The photos could later be uploaded to
the Mountain Watch site, allowing examination and verification of the phenophases for data
entry, either by the photo contributors or by others, e.g., through online games. While there
are a number of problems that would have to be solved to make such an approach feasible,
it represents a participation process that is closer to a pleasurable, easy task related to what
hikers already do.
In all the cases, project organizers acknowledged that participation should ideally produce
mutual benefits to be truly sustainable. Accomplishing this goal was a matter of making
technology development investments for the eBird project, as the interests of birders were
well known by project organizers. As previously mentioned in the discussion of the GSP,
however, learning what contributors would like to get out of participation is not always so
straightforward. At a general level, prior research has addressed the issue to some extent
with studies of volunteer motivations (e.g., Raddick et al., 2010; Nov et al., 2011; Rotman
et al., 2012).
Another job design principle that can be leveraged to support self-reinforcing participa-
tion is creating room for advancement. Most citizen science projects provide only one role
for volunteers. Creating multi-level participation structures can allow advancement (e.g.,
eBird’s hotspot reviewers and network of editors) and harness existing or growing expertise.
Although additional organizing effort is needed, these opportunities provide new challenges
that help maintain interest, and reward contributors with acknowledgement of their contri-
butions and skills.
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8.3 Communities and Practices
Compared to the prior literature on online communities, the cases in this study showed
a pattern of citizen science projects that connected to existing communities rather than
creating their own, blurring the lines with respect to community membership and identity.
Whether projects work with existing communities versus building new communities influ-
ences project development, as well as the perspective on community as an input versus an
output.
The communities participating in a citizen science project and their existing practices
highlight relationships between several theoretical concepts (Table 8.3). Integrating exist-
ing communities into citizen science projects can impact participation processes and pro-
tocols, particularly with respect to science-oriented versus lifestyle-oriented project design
approaches. Existing community practices can also influence design of technologies, partici-
pant expectations, the available skills, and participant training needs. Community structure
can moderate the value of partnerships with existing communities. These themes are dis-
cussed below, with a focus on the issues of community integration versus creation, project
protocols and community practices, and the effects of community structure on volunteer
management.
Theme Individual
Inputs
Project
Inputs
Processes States Outputs
Communities
& practices
Personal
interests,
Biography,
Networks,
Skills
Scientific
interests,
Community,
Technologies
Participation,
Organizing,
Design, Science
Satisfaction,
Commitment
Contributions,
Individual
development,
Scientific
knowledge
Table 8.3: Association of communities and practices with theoretical framework concepts.
8.3.1 Community Integration Versus Community Creation
An intuitive insight expressed by numerous citizen science project managers is that it is
harder to build a new community than to partner with an existing community. The cases
347
in this study worked to partner with existing communities. The strategy of developing a
new community seems more likely to occur primarily in citizen science projects undertaken
in solely online environments or focusing on scientific inquiries that do not have logical links
to established communities of practice.
Integrating a citizen science project with an existing community provides numerous op-
portunities. It can help project organizers find ways to appeal to community interests and
present project features with the right message for the community. At the same time, the
eBird case included a contrary example drawn from the cultural differences between North
American and French birding groups. While the basic community practices of bird obser-
vation and data sharing were the same, the ways that data were shared were different due
primarily to the French tradition of using these data for financial support of conservation
activities.
Developing a new community instead would imply developing a sense of shared interests,
creating new community practices, and establishing venues for communication and social
interaction, rather than simply piggybacking on existing structures. Although these tasks
represent substantial challenges for developing social infrastructures to support project par-
ticipation, they are also likely to provide new opportunities exclusive to developing a com-
munity from the ground up. For example, a project that essentially creates a new social
group of individuals who otherwise have no affiliations could find a greater level of commit-
ment from participants because it provides a venue for aggregating individuals with shared
interests that previously had no “home.” The potential of a project to create new commu-
nities can be seen in other contributory online communities such as Flickr, where numerous
localized photo groups developed out of the new support for identifying and organizing fellow
photographers in a geographic region (Cox, Clough, & Marlow, 2008).
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8.3.2 Aligning Protocols and Community Practices
Another important aspect of integrating a community into a citizen science project re-
quires aligning the participation processes with community practices. The concept of a
community of practice, as introduced in Chapter II, defines these groups according to shared
practices, such as those involved in birding. Aligning community and scientific practices is
a matter of degrees. Most projects seem to find it difficult to adapt existing hobbies into
scientific protocols. Whether a project is designed from a science-first or a community-first
approach, a balance of scientific rigor and appeal for participants has to be achieved. This
is always a challenge.
The alignment of scientific and personal interests was particularly notable in the eBird
case, where protocols were modest adaptations of the existing community practices. Increas-
ingly scientific forms of participation were offered and encouraged as a natural progression
of commitment to the project goals, as well as providing data-oriented rewards for participa-
tion. In addition, eBird’s data outputs supported existing community practices like reporting
sightings to email listservs and friendly competition for local records. A distinct benefit of
the approach is that birding tends to be a lifestyle hobby, with avid birders making regular
observations and trips to view birds. This makes it easy for participants to incorporate eBird
participation into their existing habits.
In the GSP and Mountain Watch cases, the participation tasks were less familiar for
contributors. The protocols for observation in each of these cases were based on traditional
scientific processes. While unfamiliar in general, the GSP tasks were far simpler and re-
quired no special skills, making the project appear accessible to a wider range of potential
contributors with less expertise. Nonetheless, the tasks bear little similarity to existing prac-
tices, meaning that participants had to explicitly make an effort to include the tasks in their
gardening routines; establishing new habits around unfamiliar tasks can be difficult. The
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Mountain Watch project design, however, required a number of tasks that were difficult for
hikers and had little precedent in standard community practices. As a result, the partici-
pation protocols were simplified over time as the challenges in the tasks became evident to
organizers.
The eBird participants’ enthusiasm for birds further represented alignment of community
interests with scientific goals, which could be seen in the GSP as well. As previously dis-
cussed, birds, bees, and sunflowers are all considered charismatic species. Many people are
excited about and attracted to them. Among the citizen science practitioner community
more broadly, there is a general sense that only charismatic species are able to draw this
type of following. Several counterexamples do exist, however, in projects focusing on slimy,
unattractive organisms such as algae 1 and American eels 2.
A notable departure from the organism-centric appeal of citizen science for communities of
practice was seen in the Mountain Watch project. Hikers care more about the landscape than
the particular organisms. Although they clearly find the wildflowers attractive, evident from
the annual calls received by AMC inquiring after blooming times, doing anything more than
taking a photo and momentarily admiring their beauty—as part of a broader landscape—is
not necessarily a common practice among hikers. The challenging nature of the focal practice
of hiking rough terrain also makes it much more difficult for hikers to adopt a regular habit
of stopping to monitor the flowers.
Another particularly interesting aspect of community practices was the individual changes
to established community practices seen among devoted eBirders. As they became better
able to see the alignment of their interests with the scientific interests, some birders were
willing to undertake a slightly more complex task set to improve the scientific value of their
observations. While the more rigorous protocols are considered “harder” than the usual
1http://www.backyardbiofuels.org/participate.html
2http://www.dec.ny.gov/lands/49580.html
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community practices, it is worth acknowledging that by comparison to most citizen science
participation protocols, they are simple. Further, the protocols are elaborations of existing
practices, rather than entirely new routines.
Maximizing observation value in eBird requires complete checklists, counts of birds, and
effort information, all of which are relatively easy tasks. They can also be adopted as a
slow progression of intensity of participation. The flexibility of the protocol options makes
it easier to convince contributors to gradually modify their birding practices as they become
comfortable with each task added to their established habits. For example, after contributing
to eBird for some time, a birder might begin collecting effort information during their birding
trips, the basic prerequisite to making the data scientifically useful. After awhile, jotting
down effort information becomes habit, requiring no second thought. Then the individual
might start making complete checklists, encouraged by the data displays that show species
distribution for a location throughout the year. Along the way, he or she might turn to
counting and estimating population numbers, which is an interesting challenge that is repaid
with reports that enable new comparisons. The optional evolution of existing habits to
include new elements makes it substantially easier for individuals to progress along the
participation learning curve at their own pace.
Finally, both eBird and the GSP realized that accommodating community practices with
respect to data submissions was important. In both cases, all data were accepted, even those
which were not considered currently useful for research. There were several reasons for this
choice: it demonstrated and reinforced the organizers’ messages that all contributions are
valued; it satisfied participants who like to keep records; and it acknowledges the potential
future value of these data. Doing so comes at minimal cost to the science processes if
database structures are properly constructed. It is a normal part of scientific practice to
verify and clean data, which is the main drawback to accepting these contributions. It could
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be construed, however, as a subtle encouragement for submitting substandard data, but
organizer messages to the contrary were quite clear in both cases.
Accepting all data aligns with community practices by permitting individuals to partici-
pate to the degree that they are comfortable. In the case of eBird, it acknowledges standard
birding practices that organizers hope to influence by rewarding improved quality. For the
GSP, it aligns with gardeners’ usual practices: few individuals plant sunflowers alone, and
few gardeners attend carefully to only one species. It is much more likely that an enthusiastic
gardener would want to spend equal time admiring their rosemary plants, for example, in
addition to Lemon Queens. The alignment of community and scientific practices through the
mechanisms described here are best practices in volunteer management, discussed further
next.
8.3.3 Community Structure and Volunteer Management
Highlighted most strongly in eBird, community structures were valuable for participant
recruitment in citizen science. The utility of community structures is true for most volunteer
projects, and recruitment of contributors is a core volunteer management task in nearly all
such contexts. This theme was echoed across all three cases, as several modes of accessing
networks and communities provided multiple avenues to expanding participation.
In some cases, such as the GSP and Mountain Watch, project organizers were able to tap
into multiple communities to support project recruitment. The GSP organizers focused on
developing connections to different communities, including gardening groups, adult education
organizations, and youth groups like 4H. For Mountain Watch, the focus was on recruiting
additional contributions through partner organizations, including parallel organizations like
the Adirondack Mountain Club. While these organizations have formalized institutional
structures, they are also made up of communities of practice.
Recruiting through established organizations is an approach similar to the strategy es-
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poused in social movements literature. By taking advantage of indigenous organizations
with existing community structures, citizen science partnerships can gain more value for the
investment in recruitment and volunteer management effort. eBird also used this approach,
reaching out through a wide variety of partner organizations. These included numerous
localized groups around the world, which was an integral part of the strategy for globaliza-
tion with continued staffing at the same levels that previously supported North American
participation alone.
As already discussed, indigenous organizations provide special resources that support par-
ticipation. In particular, communication structures are among the more useful features when
it comes to recruitment. Embedded communication structures may also explain the projects’
continued successes despite providing relatively low levels of social support for participation.
Individual contributors’ membership in indigenous organizations and communities of prac-
tice could instead provide social support and reinforcement for contribution through existing
community values.
The example of using eBird’s emailed checklists to forward to listservs shows the utility
of appropriating community infrastructures and practices. The organizers did not attempt
to replace existing communication networks or practices, which would likely have met with
resistance or disinterest. Instead, they created tools that align with those practices, both sup-
porting participant satisfaction and providing an additional mechanism for advertising the
project to a much wider community. Something as simple as the footer reading “generated
by eBird 2.0” attached to each checklist forwarded to a local email group provides visibility
that would otherwise be difficult for project organizers to achieve. These characteristics of
communities and networks suggests that there is less need for technologies to support social
interaction when a project is situated within a community structure that provides existing
communication venues.
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Another tactic for supporting volunteer management through access to communities was
hiring respected non-scientists from the community of participants to manage citizen science
projects. Hiring community members was enormously successful for eBird, as it provided
deeper access to community structures that could support volunteer management, was a form
of endorsement of the project by respected community leaders, and brought extensive insight
into ways to align scientific and community practices. The GSP unknowingly emulated this
example when LeBuhn hired Bombus, who not only had several skill sets that were needed for
project development, but was also a locally respected community member. The benefits of
the staffing choice were not yet fully evident at the time of data collection for this study, but
several new partnerships suggested that the strategy would provide new options for project
development. A notable difference between the hiring choices for the GSP and eBird is that
Bombus is known locally, while the eBird project leaders had attained broader community
recognition through high visibility activities like leading birding tours and editing birding
magazines.
In both cases, the importance of hiring a non-scientist was emphasized. This was con-
sidered key. Even though at least one was a scientist by training, the three eBird project
leaders were recreational birders first, and their understanding of and commitment to the
recreational birding community likewise came first. LeBuhn also clearly identified the value
of including a non-scientist as an organizer when she remarked,
I thought that bringing someone who’s more of a passionate gardener to com-
plement my science skills, he’s much more like the participants than I am, so I
thought he would bring a really strong perspective that would complement my
skill set. I mean, I love gardening, but I’m a scientific gardener...I’m not a garden
show person. (LeBuhn 2010, 5079–5640)
A similar attempt to tap into non-scientist perspectives was evident in the Mountain Watch
case when an organizer recruited non-botanist friends to participate under observation. In-
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corporating a non-scientist hiker as a project organizer was also achieved through partnership
with the Education department: “When we first came at this as scientists, we definitely had
a different approach, and they [the Education department] helped us move it more towards
something that is more palatable for a citizen” (Geum 2010, 14773–15213).
Through a combination of approaches, each of the citizen science projects in this study
leveraged community practices, structures, and shared interests to support project goals.
The next section focuses on the role of place in supporting participation and its effects on
the scientific outcomes of the projects.
8.4 Place and Participation
Place seems to be taken for granted in project design except as a constraint, and even
then it is often treated as a foregone conclusion. The challenge of defining place is aptly
summarized by Gieryn (2002):
“Place” is not easily defined, but might usefully be conceptualized as having three
necessary and sufficient features: (a) Place is a unique spot in the universe, a
geographic location of elastic bounds; (b) place has a physicality, and its material
form variably combines natural environment and built architecture; (c) place holds
meanings and value, and it is the object of labile and contested narrations and
imaginations. (p.113)
As this quote suggests, place plays different roles in different citizen science projects. Place
profoundly influences the way the science is constructed and what can be produced by a
project.
Theme Individual
Inputs
Project
Inputs
Processes States Outputs
Participation
& place
Personal
interests,
Biography,
Skills
Scientific
interests,
Community,
Resources,
Technologies
Participation,
Organizing,
Design, Science
Commitment,
Sustainability,
Satisfaction
Contributions,
Scientific
knowledge,
Broader
impacts
Table 8.4: Association of participation and place with theoretical framework concepts.
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The natural environment poses different types of limitations and benefits that were par-
ticularly relevant to the cases in this study. The places in which participation was carried out
impacted technologies, participation processes, who could participate, participant retention,
scope and scale of participation, and resulting contributions, along with other conceptual
relationships shown in Table 8.4. Scientific processes and outcomes are influenced by these
factors, manifest in such details as the relative importance of the degree of location precision
and repeated data collection from single locations. Place is related to participants’ personal
interests, commitment, and autonomy. These factors can be linked to technologies, place
attachment, and ground truthing; these topics are the focus of the following discussion.
8.4.1 Technologies and Places
Relatively little research in organizational studies, information systems, and related disci-
plines has taken on deeper considerations of place with respect to information technologies,
with the notable exception of Harrison and Dourish (1996). In another study of contex-
tualized use of technologies, the way documents were utilized in a healthcare setting was
seen as a representation of places and related interdependencies of individuals, times, and
spaces (Oesterlund, 2008). In Oesterlund’s study, documents were found to act as portable
places representing the interdependencies of subject, object, time, and space. The documents
served as both communication and coordination tools, and also played a role in socialization
and learning, much like the role of data sheets in the citizen science projects discussed in
this study.
For the cases reported in this study, place had a substantial impact on the way technologies
were used: paper technologies were used in the field, but digital technologies were used largely
after the primary participation task had occurred. The preference for material technologies
in the field was clearly due to the influence of the physical environments where participation
occurred, places that are often prohibitive of effective information technology use in the field
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due to a wide variety of factors. In their study of technologies and place, Harrison and
Dourish (1996) described the relationship between space and place as the difference between
opportunity and the understood reality, emphasizing that space is a location but place is the
locus of action. The specifics of participation activities in citizen science impact the choice of
technologies for different tasks; out of all possible options, paper was consistently preferred
for use in the field3. The affordances of paper were a practical reason for the use of data
sheets due to the characteristics of the places where data were collected.
In addition, however, some citizen science project leaders also collect paper data sheets as
a backup to digital records (as reported by respondents to the survey mentioned in Chapter
III). Sometimes these material reference points provided additional information about the
data, even when they were duplicated electronically. The relationship between these paper
and electronic records further emphasized the material and cognitive divide between field-
based participation and data entry tasks. As eBird project leaders noted, an observation
submitted to the database is the unique intersection of a person, a bird, a time, and a
place. The observations themselves, whether recorded in material or digital form, represented
these inherent interdependencies in observation-based scientific data collection, just as in the
prior study by Oesterlund (2008). In eBird, there were no project-specific field data entry
sheets, an acknowledgment of the existing ingrained styles of field-based record making in
the birding community. For the GSP and Mountain Watch, however, the data entry sheets
were another tool to remind participants of the details to record and the process of doing
so. The data sheets and online data entry interfaces impose a structure on participation and
their repetition supports independent learning of the protocols, for which the data sheets
are a material extension.
Another notable relationship between time, place, and documentary forms is related to
3This was changing as of early 2012, when third parties developed tools to permit eBird-specific data entry on mobile devices
with applications designed around contextualized birding practices
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the ways that scientific knowledge is created and organized, e.g., in classification systems
(Bowker & Star, 2000; Bowker, 2005). Temporal and spatial markers are a way of organizing
knowledge, and a way of transforming data into knowledge. This is self-evident in the
influence of temporality and location for the scientific value of the data produced by the
citizen science projects in the study, particularly with respect to the importance of repeated
observations taken in the same place over time. In eBird, recording the date, time, and
location with more precision improved the quality of the data for use in scientific analyses,
and verifying that multiple observers were present further supports the perception of truth
attached to these observations. The precision of place was even more important for Mountain
Watch, leading to substantial revisions of the participation protocol, and by extension, to
the material technology of the data sheets in which place was inscribed and described in
detail.
In reference to classification as a form of knowledge organization connected to place,
the unique taxonomy that eBird implemented to make its reporting system more robust
to mis-identification was a particularly interesting way to handle the relationships between
individuals, places, and species. The taxonomy allows birders to track subspecies and morphs
(variations in plumage) that mark primarily geographic variations in species. These details
are often uninteresting to researchers who are likely to be interested only in the fact that a
Dark-eyed junco (Junco hyemalis) was observed; it is the birders who care whether the junco
subspecies was Slate-colored, Gray-headed, Oregon, Pink-sided, or White-winged. Places are
remembered by birders according to the species that were observed there; the first place a
species was seen is often jotted in the margins of field guides, making the annotated books
a valued reminder of place.
Being able to record these experiences, regardless of scientific value, is a point of indi-
vidual satisfaction that was important for the eBird system to support. Some of the more
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expert individuals contributing data put great stock in these variations, as some birders
also collect subspecies in the same way they collect species for their life lists. Having seen
every subspecies of Dark-eyed junco can represent a substantial accomplishment among avid
birders. Observing them in person requires travel to new places, and the memories of places
are inextricably entwined with the species observed there. The relationship of individuals
to place through experiences is also reflected in the concept of place attachment, discussed
next.
8.4.2 Place Attachment
The cases in this study highlighted the advantages and disadvantages of place attach-
ment, a concept from environmental psychology that refers to the bond between people and
places. Two facets of place attachment, both of which are relevant to these cases, are place
dependence (functional attachment) and place identity (emotional attachment) (Williams
& Vaske, 2002). These characteristics are discussed for each of the projects, as they had
different impacts on the way the scientific aspects of the project were designed and the
participation experiences of contributors.
The White Mountains provide an excellent example of the interrelationship between place
dependence and place identity. With respect to place dependence, the goals of Mountain
Watch can only be achieved with data collected in alpine zones, a rarified habitat that
brings with it numerous constraints on participation. As project organizers quickly learned,
hikers on vacation are a difficult audience to recruit for scientific work. The challenges of
identifying locations in this environment also created problems for acquiring scientifically
useful data, as more precision was needed than most participants could readily provide. The
weather conditions were often difficult and limited participation in several ways. All of these
functional limitations influenced the design of the protocol from a scientific standpoint.
At the same time, place identity counters these constraints with the strength of contribu-
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tors’ emotional response to the place. The White Mountains are nothing short of spectacular.
The landscape itself is exceptionally beautiful, with expansive vistas full of natural wonders
that pique curiosity and evoke a strong emotional response.
Although the infrequency of return visits by project participants was among the challenges
organizers named with respect to project sustainability, they also noted that the place has
a powerful pull on many people: “A lot of folks that come to these mountains do have
a real connection to these mountains. They come back here regularly, whether it’s yearly
or bringing their kids back to the same places they went to [as children]” (Ledum, 3861–
4196). Without the nightly reminders from hut croos, however, past contributors might
not remember to pick up a monitoring kit when they return the next year. Although the
emotional aspects of place attachment are largely positive in connotation, this suggests that
there are also drawbacks for citizen science projects in such special places.
By contrast, the GSP observations nearly always take place in a personal garden, although
shared gardens are permitted and even promoted. Place dependence for the GSP is based
on where one can grow a plant for monitoring bees, whether that is a potted plant on
an apartment balcony, a thin swath of soil in a narrow city front yard, or a meticulously
maintained backyard gardenscape in a lush rural setting. This feature of the project means
that nearly anyone can participate, not just those with the physical constitution to climb
mountains. Plants grow only where planted, so it also means that repeated contributions for
any particular participant will come from the same location, which has substantial benefits
for the research that the data can support.
These gardens are nearly always at participants’ homes, which creates a very different
relationship of the participant to place from the Mountain Watch experience. The ordinary
front yard landscaping is also transformed by participation. It changes from an everyday
taken-for-granted, and therefore nearly unseen space, into a place where important scientific
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tasks can be accomplished. New meaning is attached to chores like thinning seedlings,
incessant weeding, driving away predators, and staking up exceedingly large plants that
otherwise topple under their own weight. Instead of being done solely for the sake of a
pretty yard, although pleasant on its own, gardening also becomes a way to contribute to
science.
Still, the mundanity of the location can easily wear away an initial sense of novelty. The
bright blooms of sunflowers can be transformed from an exciting potential to contribute to
something bigger into a nagging reminder of promises broken for contributors who fail to
follow through on a commitment to participate. The everyday location and the intentional
visibility of garden flowers have a special attribute can be both positive and negative: they
serve as a constant reminder. As with Mountain Watch, the consistency of the locations
for participation in the GSP presents limitations as well as benefits from the perspective of
encouraging participation.
eBird demonstrates a very different model with respect to the role of place: place de-
pendence does not limit participation. The variety of places for participation both reflects
the normal community practices and helps keep participants interested. Supporting partici-
pant autonomy almost by accident, the project can take place anywhere that wild birds are
seen. Even the most urban environments contain birds, albeit often only a limited number
of “boring” species.
Removing geographic limitations on the places where participation can occur dramati-
cally widened the scope and scale of data that can be contributed to eBird. According to
organizers, this was a key factor in recruiting some individuals who were uninterested in
contributing data when participation was constrained by continental boundaries. One part-
ner project organizer did mention that for some monitoring locations, contributors must be
able-bodied enough to get into and out of cars, but at the project level, people with physical
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limitations can still report birds viewed through windows of cars, houses, and nursing homes.
The primary constraint with respect to place dependence is the contributors’ willingness to
report data at finer spatial scales, listing birds that occur at a local park rather than some-
where within a county. At the same time, the system effectively incentivizes more detailed
reporting behavior by providing location-based reports that have strong appeal for birders.
From a birder’s perspective, any place is made more interesting by the presence of birds.
Birders are notorious for hanging out at wastewater treatment plants—hardly an attractive
place by most measures—in order to spot species that frequent these locations to feed.
Birders return to the same places year after year, for example, to see migrating warblers
decorate otherwise nondescript places with their bright colors. The autonomy of eBirders
in choosing places to record data has positive effects on who participates, how often, how
repeatedly, and the overall volume of data that are collected.
More importantly for the scientific interest of the eBird organizers, birders will assiduously
record the birds in some locations with surprising frequency. Some contributors keep daily
yard lists, and some locations attract so many birders that they are also surveyed daily. Such
regularly collected location-specific data can be hard to come by in the citizen science world.
One of the most substantial challenges for the research goals of eBird data users, however, also
stems from the freedom of participants to choose their own observation locations: geographic
bias. Project organizers have tried without success for some time to find mechanisms that
will effectively convince birders to visit “non-birdy” places, as the natural inclination is to
take a bird walk in a place where interesting species are most likely to be seen. In the
meantime, and likely for the foreseeable future, statistical modeling techniques have been
developed to address these geographic biases in large-scale analysis of the eBird data.
In addition to these nuances of place attachment, the role of place with respect to truth
in the scientific enterprise is also a meaningful consideration, discussed next.
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8.4.3 Ground Truthing
Ground truthing is a practice that refers to data verification, typically in reference to
remote sensor data (Dictionary.com:2012b, 2012b). The ground truth of remotely gathered
measurements is verified in the field for calibration and interpretation; for example, the
process that Mountain Watch employed for assessing data quality was a form of ground
truthing for citizen science data rather than satellite imagery. In scientific vernacular, the
phrase can also refer to presumed objective reality, as opposed to reported expectations
thereof.
Ground truthing has interesting implications for the relationship of place to data quality,
acceptability, and verification methods:
The field site must be made into a place that persuades: Scientific authors situate
themselves there and present a relationship between knower and place that would
enhance insight, objectivity, accuracy and trust. The place itself must be variously
assigned qualities that carry epistemic freight—exotic or close, typical or unique,
pristine or instructively invaded, empty of people or full of them. (Gieryn 2002, p.
118)
This quote highlights the way that place is relevant to establishing the truth of scientific
findings. Not only must place be persuasive, but in citizen science, the individuals in that
place must also be persuasive, adding another level of complexity to establishing truth.
When the research is conducted by professional researchers, both of these factors seem to
fade into the background. The discussion of place becomes a question of generalizability that
is addressed through methodological means that are often poorly suited to citizen science
data collection, which instead tends to be more opportunistic with respect to data collection
locations.
As the Mountain Watch case showed, inability to reproduce the species identifications
due to the imprecision of location description was a symptom of a larger concern. Modifying
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the observation protocols to enable some level of expert verification essentially supported
the ability to ground truth the participant data, triangulating hikers’ observations against
those of trained naturalists. Such careful ground truthing is hardly a scalable approach; it
was functional in Mountain Watch because of the particular resources available to organizers
and the geographic scope of the project.
Each of these data quality and validation methods hinges on the specifics of place. The
acceptability of data from places where participants cannot be observed in the process of
contributing is frequently questioned by professional scientists. Respondents to the survey
discussed in Chapter III indicated that the inability to evaluate individual skill through direct
in-person interactions was a substantial source of concern for data quality. The uneasiness
with respect to data quality is rooted in the intersection of ground truthing and virtuality:
researchers cannot be in the same place and time as the observers.
Data quality concerns point to the inherently distributed nature of participation in citizen
science as a fundamental “flaw” from a scientific perspective. At the same time, distributed
collaboration among professionals is becoming increasingly common, so the issue of collab-
orator expertise is also at the heart of the concern over data quality. This is in fact the
primary apprehension voiced by most skeptics of citizen science, but the fact that it arises
from issues of place and virtuality that interfere with ground truthing goes unmentioned.
The degree of virtuality in terms of the spatiotemporal spread of contributors suggests
that distributed citizen science, while addressing the constraints of place, simultaneously
brings scrutiny to the fact that these issues are overcome through volunteer participation.
In these cases, the conservatism of traditional scientific practices is linked to place in addition
to the expertise concern that is often cited. While many citizen science organizers are aware
that contributors may have far more expertise than assumed, the lack of colocation and
direct contact makes the degree of individual expertise difficult to evaluate.
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The notion of ground truthing also has a deeper relationship to truth in science. Pro-
fessional researchers have addressed most issues around the role of place in establishing
scientific truth, but citizen science leads to renewed concerns about the representativeness
of sampling, the precision of location data, and other factors that are related to expertise
but prompted primarily by virtuality. The fundamental enabling factor that permits this
approach to distributed data collection and processing is ICT, which in addition to the ben-
efits of permitting these new forms of collaboration at more and more places, also introduce
constraints; these are discussed next.
8.5 ICT Constraints and Affordances
The degree of reliance on information and communication technologies is another factor
that influences who can participate in citizen science projects. ICT can play an important
role in citizen science, and surfaces other dependencies and relationships (see Table 8.5), in
addition to its own constraints and affordances.
Theme Individual
Inputs
Project
Inputs
Processes States Outputs
ICT
affordances
& constraints
Personal
interests,
Skills
Institutions,
Resources,
Technologies
Participation,
Organizing,
Design, Science
Satisfaction,
Sustainability
Contributions,
Scientific
knowledge
Table 8.5: Association of ICT with theoretical framework concepts.
ICT afford increased scale of participation and easy modes of communication, leading
to numerous benefits for many citizen science projects. Digital technologies also come with
issues of cost, customization, and usability, particularly with respect to data entry. Data
entry was a major hurdle for every project, but participant characteristics and feedback
also played roles in enabling and incentivizing an otherwise dull task. As a result of the
dependence of ICT design and functionality on resource flows, many citizen science projects
find ICT development and support tasks overwhelming. When they provide the foundation
for virtual participation, however, ICT can have a substantial influence on data quality,
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scalability of participation, scope of research, and organizing processes. These factors in turn
affect the science processes and scientific outcomes. This section focuses on the affordances
and constraints of ICT for citizen science, highlighting the themes that were emphasized by
project organizers: scale, communication, usability, and costs.
8.5.1 Affordances: Scale and Communication
The obvious affordances of ICT are the ability to increase the scale and scope of partici-
pation in citizen science. The communicative functions that ICT serves by providing greater
visibility, modes of technology-mediated interaction, and new ways to provide feedback to
contributors are the main affordances responsible for enabling increased scale and scope.
The cases in this study employed multiple approaches to using technologies to increase the
scale of participation. For both eBird and the GSP, online data entry is a fundamental
aspect of the project that permits large-scale organization. eBird also worked with other
organizations to provide portals, kiosks, and data exchange tools that further spread the
project’s reach. Mountain Watch also implemented online data entry to extend its potential
contributor base, but because it has never been as central to participation as in the other
cases, it has seen relatively low adoption due to staffing limitations on recruitment across a
wider geographic range.
There were also unexpected affordances of ICT that worked to organizers’ benefit, such
as the time-lapse videos produced by Mountain Watch, which took advantage of plantcam
outputs to augment training materials. Both eBird and the GSP noted the potential of
online data entry to improve data quality by controlling input options and permit automatic
error-checking. Form field controls are an easily overlooked feature of web-based data sub-
mission that has substantial benefits for citizen science, in addition to reducing data entry
and validation effort on the part of organizers. Numerous other broader impacts of the tech-
nologies were seen in eBird, where the system has become a form of infrastructure for other
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organizations and projects. Likewise, the GSP’s observation protocol has been adopted by
other pollinator-related projects, an outcome that would not have come about without easy
access to and visibility of the project’s website.
The GSP also demonstrated how low-cost technologies can have high associated costs,
but would permit running a large-scale project from a home instead of an organizational
setting. This is good news for projects that do not have institutional resources to provide
technological infrastructures. For nonprofit and voluntary organizations, however, relying
on volunteers to provide technology support is a strategy that is often doomed to failure
because it is rarely sustainable. Therefore the potential benefits of low-cost technologies
come with the caveat that they often require customization and suffer usability problems
that can present serious challenges to project development and growth.
At the same time, ICT can provide a rewarding experience to contributors. The eBird
project, which has made substantial investments in developing new features that cater to
birders, is a good example of the potential value of ICT-based feedback. In particular, several
interviewees noted that visualizations are very engaging to individuals—not just contribu-
tors, but also data users and potential participants—and help them see the bigger picture.
As the GSP project showed, however, it is not always clear what types of data access and
visualizations are appropriate, valued, or relevant to contributors. In such cases, investment
in costly technology development for data visualization and reporting may be better un-
dertaken gradually in response to interests as directly expressed by contributors. Involving
community members as organizers and contributors of feedback on project development are
ways that project organizers sought to address these challenges.
8.5.2 Constraints: Usability and Development Costs
Two of the major constraints related to ICT that were persistent across the cases were
issues with data entry and the cost of technology development. A related underlying theme
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was that of usability, which is a potentially problematic issue for scientific outcomes.
As mentioned above, low-cost technologies such as open source software often present
usability issues and need customization to be minimally functional for citizen science project
needs. Concerns over usability are especially relevant for older users who often make up
the bulk of project contributors. Organizers consistently hoped that technologies would
help engage younger and different audiences, but aside from faster adoption by younger
birders in eBird, there is little evidence from the cases suggesting that the intuition is true in
practice. This may be more attributable to recruitment strategies than the actual potential
of technologies to draw the interest of new audiences, but the excitement over the inherent
appeal of ICT may well be unwarranted. Younger generations may simply expect higher
technology production quality (a concern expressed by one of the eBird technical staff) and
find novelty only in the most cutting-edge developments, many of which are out of reach for
citizen science projects.
Fortunately, prior research can provide substantial insight into technology design stan-
dards to ameliorate the usability concerns that are particularly important for older adults.
The GSP project leaders had identified research on usability for older adults that they found
particularly revelatory with respect to prioritizing usability needs. Their experiences rein-
force the often-repeated refrain that knowing the audience for a citizen science project is not
just helpful, but necessary, as the usability issues identified by the participants themselves
were reportedly exacerbated by age-based considerations. For large-scale projects in partic-
ular, initial investments in usability and motivating features may pay off in reduced future
costs.
The problems with usability experienced by project organizers were largely centered
around data entry forms and processes. These are readily solved by engaging professionals
in technology development and customization, an expense that should clearly be considered
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necessary rather than optional due to the potential impacts on participation and data quality.
Motivating data entry, however, was another matter entirely. The eBird project managed to
overcome the detraction of data entry by providing immediate system-based feedback and
visualizations that are considered particularly rewarding and interesting by contributors. As
previously mentioned, though, the form of feedback that may motivate different audiences
is not always clear.
Numerous ideas to motivate and reward data entry can be drawn from other research
communities, such as human-computer interaction and game design, as well as entirely
technology-mediated citizen science projects such as the Zooniverse projects. At the mo-
ment, these strategies are rarely implemented by observation-based citizen science projects.
It is likely that some of these mechanisms are either unknown to many organizers of such
projects, or are considered too expensive to develop, low priority in comparison to func-
tionality and usability needs, or possibly even trivial. The argument could also be made,
however, that the lack of scalable feedback and reward systems will eventually undermine
project growth and participation sustainability.
Another related consideration is that immediate feedback may help reassure contributors
that their performance is adequate and that they are performing core observation tasks well,
even if they find the technologies intimidating or challenging to use. Such reinforcement
can convince individuals who might otherwise quickly abandon the project, to persist long
enough to get over the learning curve that eBird organizers specifically mentioned as a barrier
to contributor commitment to ongoing participation.
In all of the cases in this study, ICT development and management was an important
organizing task, but only one of many that will be discussed next.
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8.6 Organizing
In the cases examined for this study, organizing was most substantially influenced by
available resources, institutional influences, project scale, and task complexity, though ad-
ditional relationships became apparent (Table 8.6). Numerous aspects of organizing were
discussed in the individual case descriptions, but two themes bear further consideration given
their repetition across the cases.
The biggest constraint on project growth and development was limited organizer time
and attention, which was in turn related to resource flows. Organizers consistently reported
underestimating the effort required for basic project development and implementation, much
less expansion. Communication seemed to suffer most from organizer constraints. Commu-
nication problems can have cascading effects on participation since communication can be
instrumental in recruitment, retention, and improving data quality. It may therefore be
beneficial to allocate and adjust staffing based on the scale of participation and complexity
of protocol. By extension, meta-contributors who help support the work of other volunteers
can further improve scalability, but also require organizer time and effort to coordinate.
Theme Individual
Inputs
Project
Inputs
Processes States Outputs
Organizing Biography,
Networks,
Personal
interests,
Skills
Community,
Resources,
Institutions,
Technologies,
Mission
Participation,
Organizing,
Design
Sustainability Contributions,
Scientific
knowledge,
Broader
impacts
Table 8.6: Association of organizing with theoretical framework concepts.
Assets like supportive organizational relationships and infrastructure shape project devel-
opment and impact project sustainability. Sustainability influences organizing and project
development (and therefore scientific outcomes) in ways that can influence altruistic partic-
ipation. Sustainability strategies vary, and are an important consideration during the initial
stages of project development. Managing project scale and sustainability were recurring
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themes across the cases.
8.6.1 Organizer-Contributor Ratio
One of the most promising aspects of citizen science is the ability to harness the energy
and attention of a large group of people to accomplish tasks that cannot be handled by a
smaller number of people. When recruiting efforts are successful, large-scale projects can
lead to very high numbers of contributors for the number of organizers. Each of the cases
in the study encountered challenges related to the ratio. The more contributors and fewer
organizers, the more challenge there was with maintaining adequate communication and
feedback, particularly for the GSP. At the same time, the approximate ratios of active con-
tributors to organizers for each of the cases were surprisingly similar, suggesting a potential
natural limit to the number of participants that a project can support with a given amount
of organizer resources.
The types of participation activities and skills of contributors are also linked to the issue
of participant support. When activities are simple and skill levels are high, a small number of
organizers can more readily handle a very large number of participants. When either of those
conditions are not true, more organizer time is required to adequately support participation.
The interaction of skills and task complexity suggests that the number of participants that
organizers can support is not a fixed ratio. In the eBird case, the challenge was met through
partnerships that offloaded some of the organizing effort to partner project leaders, e.g.,
portal managers. This strategy took advantage of the strengths of indigenous organizations,
as previously discussed, which is a more scalable approach to managing large numbers of
contributors.
Without enough organizer time to match to task complexity and skill levels of the contrib-
utors, additional challenges emerge. Managing data quality becomes more difficult, particu-
larly if expert review is part of the process, as it does not scale well. Answering questions and
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addressing participants’ problems—managing online accounts was mentioned as a continual
task for organizers—becomes an overwhelming task when a single organizer is faced with
70,000 individuals signing up for the project. Even managing volunteers to manage other
volunteers in a meta-contribution structure becomes too difficult under these circumstances,
as many meta-contribution tasks are not as well defined or simple as the core contribution
tasks.
This appears to be a challenge with no single solution for citizen science project organizers.
Successfully managing a large number of participants seems to lead to increasing levels of
participation in a positive feedback loop. Increasing participation is generally desirable for
citizen science projects that can benefit from larger scales of contribution, but means the
demand on organizers is magnified with continuing success.
There is a practical limit on the efficiencies that organizers can achieve with respect to
managing a large number of volunteers. It seems that once the upper limit on the organizer-
contributor ratio is reached, which likely varies by project, additional organizer resources are
required to maintain the status quo or to continue to expand. This suggests that projects
should include contingency plans for staffing increases or the addition of meta-contribution
opportunities in project sustainability strategies to avoid becoming a “tragedy of success.”
Planning for project sustainability is an important consideration that is discussed next.
8.6.2 Institutions and Sustainability
The interconnection of organizing, institutions, resources, and sustainability were evident
in the concept relationship diagrams discussed in Chapter VII, which showed consistent
connections between institutions and organizing, resources and organizing, and resources and
sustainability. Organizational settings provided a safety net and resources that supported
project sustainability during early development, which helped both eBird and Mountain
Watch. Working with partner organizations was a strategy that reduced the overall organizer
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effort while extending project reach for eBird and Mountain Watch, and seemed promising
for the GSP as well. These efforts at developing a broader network of organizers to support
project activities required attention and effort, but had potential to substantially increase the
project capacity for growth and evolution. At the same time, the eBird case highlighted ways
that partnerships could influence goals and outcomes in citizen science. Changes brought
about by partnerships are often to the benefit of all involved, but can pose their own set
of challenges as organizers seek to support a wider range of partner activities. Crafting
mutually beneficial institutional arrangements is key to producing sustainable partnerships,
an outcome that can also require institutional support to achieve.
The eBird case showed that a diverse portfolio of resource streams was needed to keep
the project sustainable for long-term operation. Indeed, while the difficulty of getting
large grants frustrated some organizers, it also forced them to take more entrepreneurial
approaches to project sustainability. An entrepreneurial funding strategy may be more sus-
tainable but means that organizers can end up spending more time chasing dollars than
ensuring project success or research outcomes. When it comes to sustainability planning,
there is also a major learning curve on the part of scientists who are used to the grant fund-
ing paradigm rather than selling products, soliciting donations, or negotiating sponsorships.
This may be a tractable issue for organizers who are able to rally institutional resources in
some settings, but could become problematic for academics who are expected to focus every
moment of attention on research and publication.
Developing sustainability plans that relied less on institutional resources in the long run
also appeared to be important for both eBird and the GSP. As both the GSP and Mountain
Watch organizers noted, start-up funding is easier to obtain than ongoing funding, but these
cases also showed that more start-up funding to cover longer development times may be
needed. The NSF Informal Science Education (ISE) funding program recognizes this need
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with a series of grant awards that build upon one another, starting with a planning grant that
allows organizers to work out practical details before moving on to full-scale implementation.
Notably, however, not all citizen science projects are focused on ISE as a project goal.
For the GSP, LeBuhn was unsuccessful with grants for NSF funding focused primarily
on scientific knowledge production, suggesting that citizen science has been institutionally
pigeonholed as an outreach activity. Unfortunately, LeBuhn’s experience demonstrates the
reluctance of the scientific establishment to risk funding an innovative approach to large-
scale research. While there are outreach and education benefits to the GSP, there was not
enough ISE focus given the scientific goals, so the projects could not be funded by either a
scientifically-focused grant program nor the ISE grant program. Part of the challenge could
be the seemingly slow rate at which most citizen science projects produce results. NSF or
similar funding could help improve pace of producing results, however, if funding could be
applied to producing appropriate technologies to support ongoing participation and good
data collection.
An overarching concern for citizen science is the importance of early planning to support
long-term sustainability, as single grants are not sustainable and strong initial funding does
not guarantee continued support. Many citizen science projects focus on long-term moni-
toring or other goals that cannot be achieved in just a few years. Organizers do not always
plan ahead for sustainability, however, or their plans may be predicated on conditions that
turn out to be inapplicable to their situation. For example, including contingency plans
for large-scale participation seems particularly appropriate in light of the experiences of the
GSP organizers. It seems unlikely that project organizers currently include this scenario in
their initial project planning processes. As practitioners learn and share more about their
experiences organizing citizen science projects, these and other issues for sustainability will
doubtless continue to emerge. Documenting practices that lead to both success and failure
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will be an important ongoing activity for the broader citizen science practitioner community
as it proceeds to grow.
8.7 Implications
This section summarizes several implications of the findings. These include the impli-
cations of case sampling on the findings themselves. Additional discussion focuses on the
implications of the findings for scientific outcomes in citizen science and scientific collabora-
tion more broadly.
8.7.1 Implications of Case Sampling
As discussed in Chapter III, the cases selected for this study are representative of the
broader population in most respects, but vary widely in the resources available to the
project organizers, including projects from opposing ends of the general distribution. In
particular, including the eBird case in this study shaped the findings in several ways. Its
commonalities with the Great Sunflower Project (e.g., with respect to hiring non-scientist
community-oriented organizers) served to highlight additional prospective best practices.
It also demonstrated that the issues that all three cases encountered in the development
of supporting technologies can be overcome; eBird successfully addressed challenges associ-
ated with usability and motivating data entry through participant-focused ICT design and
feedback of data outputs.
Had eBird been omitted as a case in this study, however, the findings would likely have
concluded that citizen science is an unsustainable and inefficient approach to generating
scientific knowledge. At the same time, both Mountain Watch and the GSP showed clear
signs that this approach does have potential for much more substantive outcomes, which
have been shown in other cases that were not included in the study. Instead, the results
showed that with adequate resources and resourcefulness, citizen science projects can reach
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a tipping point in which the value substantially outweighs the investment.
Without the eBird case, there would have been little evidence of integration of community
practices with scientific protocols, as the project design approach for the other two cases
followed a more typical science-first path. There also would have been very little support
for the conclusion that the experience of citizen science can be self-reinforcing in any respect
other than altruism. The findings would have assumed that extensive revision cycles are
always necessary for developing an effective participation protocol, which may be the case
for most projects, but should not be as universal a situation as new projects begin adopting
the protocols of existing projects. The outlook for benefits from ICT would have been far less
optimistic, because many small citizen science projects are limited by underdeveloped ICTs
that pose more constraints and generate fewer benefits in terms of promoting participant
feedback and satisfying user experiences. There would have been less richness but little
change to the findings regarding place or organizing, aside from the aforementioned point
regarding project sustainability.
By including the eBird case, which is an exemplar in project practices, the findings were
more balanced. Instead of a relatively discouraging set of findings, the evolution of smaller
projects along a similar trajectory to a very large and successful project holds out the po-
tential that citizen science can in fact generate the scientific outcomes that most organizers
hope to achieve. The variation across these cases helped illuminate the ways in which the
differences between the projects influenced outcomes, thereby providing potential explana-
tions for recurring issues facing smaller citizen science projects and suggesting avenues for
improving project performance.
8.7.2 Implications for Scientific Outcomes
The scientific community continues to question the value of data generated by citizen
science projects, and whether they truly generate good science. In the cases in this study,
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Mountain Watch and the GSP were motivated by formal research questions, while eBird
took a different approach. The GSP’s research questions focused on understanding bee
visitation rates across different habitats in a study designed to investigate the larger issues
of pollinator service, which are a key part of ecological processes. Mountain Watch had
two research questions centered on mountain plant phenology that would identify indicators
of climate change through the study of phenology. eBird took a different approach, as
previously discussed, and collected data on bird abundance and distribution that could be
used to answer a variety of scientific research questions and were suitable for integration
with complementary data sets.
The eBird project has unquestionably demonstrated that high quality scientific outcomes
can be achieved through citizen science. Among over 80 scholarly publications directly
stemming from eBird data, numerous articles discussed the project itself. There are many
others, however, that demonstrate quality scientific research outcomes, including articles
in highly regarded journals such as PLoS Biology, Ecological Applications, Evolution, PLoS
ONE, and Proceedings of the National Academy of Sciences, among many others.
The scientific outcomes of smaller citizen science projects are not always evident or im-
pressive. Not all citizen science projects are as strongly focused on generating scientific
knowledge as the cases presented here, in which scientific knowledge outcomes were a top
priority, and scientific interests and science processes played significant roles in shaping the
projects. In this study, both Mountain Watch and the GSP had yet to publish scientific
findings due to ongoing modifications to address data quality issues. However, both projects
had recently achieved a level of data quality that would permit them to produce rigorous
scientific findings that address research questions focused on important environmental issues.
In the GSP, the primary limitation was the availability of the researcher to complete the
work. This situation could have been improved by the addition of collaborators from the
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science community (e.g., graduate students), or the reduction of project management duties.
While the case study reported that there were issues with some data in terms of subjective
reporting of location types, these issues were being addressed and the scientific data itself
was considered adequately sound for use in peer-reviewed publications. For this project,
evidence for the scientific merit of the work was just around the corner.
For Mountain Watch, however, it was not as clear that quality science would emerge
from the citizen science portion of the project. The complementary data sources will make
it possible for the long-term outcomes of the effort to produce valid research findings to
address the research goals. The ability of hikers to generate data adequate for rigorous
scientific application was still in question. Substantial effort was invested to identify the
problems creating shortcomings in the scientific data. New modifications tested in 2010
and shown effective for improving data quality were implemented in 2011, and organizers
expected that these changes would make it possible to collect data adequate for generating
rigorous scientific research outcomes. Additional time would be required, however, due to
the nature of the topic of study: phenology research typically requires long-term data sets.
Another notable consideration is that AMC’s mission focuses on conservation, not research;
research is a means to conservation outcomes and therefore academic publications may not
be the first or most prevalent scientific knowledge products for this project or others like it.
On the whole, this is a troublesome trend. It appears that high quality scientific outcomes
are in fact possible—good science is being accomplished. The pace at which it is achieved,
and the relative value of the research outcomes in comparison to the resources invested in
citizen science is more questionable. It also seems quite likely that many smaller projects will
never achieve their initial goals with respect to scientific outcomes, likely due to mismatches
of protocols to participants and shortages of human resources with respect to organizers and
scientists. Even when adequate resources are available, the time required to set up a project
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capable of producing outcomes like those seen in eBird is typically far greater than expected
by organizers, leading to concerns about project sustainability.
Nonetheless, there is evidence that citizen science can be good science and produce valu-
able contributions to scientific knowledge. Improving these outcomes is a clear direction for
further development in citizen science.
8.7.3 Implications for Scientific Collaboration
As discussed in Chapter II, citizen science projects show a surprising degree of similarity
to scientific cyberinfrastructure projects. The degree of specialization and routinization of
scientific work in these two contexts suggests that the structures of many large-scale scientific
collaborations may be less distinct from citizen science than previously expected, particularly
in terms of the functional versus intellectual roles of contributors. The parallels between
these phenomena suggest that perhaps there can only be so many intellectual contributors
in collaborative work.
Issues of coordination costs and task interdependency are explicitly addressed in the
participation structures of citizen science. Implicitly, this practice suggests that involving
too many people in the intellectual work may be an ineffective (or inefficient) work structure,
as opposed to engaging larger numbers of contributors in the functional supporting work that
is frequently a feature of large-scale scientific collaboration. Prior research has noted that
task interdependency varies widely across scientific collaboration structures. Findings across
studies suggest that low interdependency increases productivity and collaboration success,
particularly in distribution collaboration environments (Walsh & Maloney, 2007; Cummings
& Kiesler, 2005; Perlow, 1999; Olson & Teasley, 1996).
In the context of Wikipedia, research has shown that a larger number of editors (collab-
orators) improves article quality only when the work is coordinated implicitly, with a few
editors doing most of the edits and others supporting their work (Kittur & Kraut, 2008).
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If we view the organizers of a project as taking a parallel role to doing the larger part of
Wikipedia edits, based on the notion that these efforts represent the majority of the intellec-
tual work, this distributed collaboration pattern is remarkably similar to that of large-scale
citizen science and scientific cyberinfrastructure projects. In citizen science, minimizing co-
ordination costs through a task structure that relies on pooled interdependence has been
very productive, particularly in the eBird case. The similarity between Wikipedia and cit-
izen science, and concurrent contrast to other forms of distributed scientific collaboration,
suggests a need for further study of task interdependence in distributed collaboration.
Related questions pertain to how many levels of hierarchy are involved in each context,
and what that implies for the necessary management structure, as well as the qualitative
differences between contributions across roles within the collaboration. For example, as the
case studies demonstrated, citizen science typically has a relatively shallow hierarchy of roles
with most participants doing the same task, which reduces coordination costs. This is similar
to the bureaucratic and semi-bureaucratic structures of scientific collaboration identified by
Chompalov et al. (2002), discussed in Chapter II. Future work could therefore investigate
whether these work and social structures currently exist or might be effective in scientific
collaborations that do not involve members of the public.
In addition, this study found that there is a need for methods of evaluating scientific
knowledge production beyond publication and citation counts, particularly with respect to
the applied scientific knowledge outcomes that are important in many citizen science projects.
Sonnenwald (2007) reinforces the importance of these “other” outcomes in conventional
scientific collaboration. As new ways of demonstrating scholarly impact emerge, so do calls
for new modes of evaluation for scientific work, especially for large-scale research initiatives
(Trochim et al., 2008). The repetition of this theme suggests that further investigating ways
to evaluate a broader range of outcomes in citizen science may shed new light on additional
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outcomes of value in other scientific collaboration environments.
8.8 Summary
Each of the themes discussed in this chapter can be related to the concepts from the
research questions (see Table 8.7) as well as the concepts from the theoretical framework.
For each of the topics, relationships to the research questions were observed for every key
concept. This too demonstrates the complexity of citizen science projects when viewed as
sociotechnical systems and virtual organizations.
Theme Virtuality Technologies Organizing Participation Scientific
Outcomes
Science versus
lifestyle
distributed
collaboration
incentives sustainability,
revisions
recruitment,
commitment,
satisfaction
volume, quality
Communities &
practices
networks incentives recruitment, re-
visions
recruitment,
commitment,
satisfaction
volume, quality
Participation &
place
expertise,
truth
affordances,
constraints
opportunities,
constraints
recruitment,
commitment,
individual
development
volume, quality,
precision
ICT affordances
& constraints
scale usability design, costs incentives, data
entry
volume, quality
Organizing scale management,
design
institutions,
sustainability,
funding
communication,
skills
sustainability,
volume
Table 8.7: Association of thematic topics with research question concepts.
When it comes to citizen science project design approaches, two dominant models were
observed: science-first and lifestyle-first participation protocols. The science-first approach
is dominant, but seems to require additional revision cycles that typically result in reduction
of participant autonomy, although the GSP provided a counterexample in which participa-
tion options were broadened. The lifestyle-centric approach is less common but meant that
the eBird project avoided revision cycles, could offer substantially more autonomy in partic-
ipation, and was able to easily create increasingly self-reinforcing participation experiences.
In each case, however, changes to protocols and modifications that expanded or narrowed
participation options all supported participant satisfaction and improved outcomes for the
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scientific work.
The role of community in citizen science was seen more of an input to the project than
an output, meaning that existing communities were leveraged rather than new ones created.
Community practices and project practices intersected whenever an existing community was
integrated into a project, which seems to be a dominant model in observational citizen
science because of the obvious benefits for volunteer recruitment and knowledge of audience
interests. The converse approach would be to build a community around a citizen science
project, which is generally seen as more challenging and was not the strategy chosen by any
of the cases in the study, but may be necessary in other contexts. Working with an existing
community indicates a need to align participation protocols with established community
practices. Project leaders also considered what activities and outputs community members
would find interesting as well as what skills and background they could bring to the project.
In addition, existing community structures helped ease volunteer management duties by
providing easier access to networks of individuals for recruitment, as well as established
modes of communication and sometimes leadership that effectively extended the project
staffing resources.
The discussion of the role of place and its influence on participation noted that place
is often a taken-for-granted constraint (and opportunity) when it comes to citizen science
project design. Technologies in particular were strongly influenced by the environmental
conditions in which participation was carried out. These factors also influenced science and
participation processes and several aspects of participation. The analysis extended these
observations by considering the materiality of technologies used in the field and the way that
spatial and temporal markers are used to transform data into knowledge, which influences
the importance of precision and repeated observations in given locations.
The role of place attachment was discussed from the standpoint of place dependence in
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relation to the constraints and opportunities on project design related to place. The place
identity aspect of place attachment focused on the participation experience and the ways
that it can influence perceptions of place among participants. Place attachment also related
to concepts of ownership and sociality, which was linked to prior work on mobile computing.
Ground truthing is a related data triangulation practice that reflects the relationship of
place to data quality and establishing truth in science. The discussion of ground truthing
revealed that it is not expertise alone that is problematic for scientists who question the
quality and value of citizen science data. The inherent virtuality of participation, which
makes it harder to verify that protocols are being followed correctly, compounded concerns
around data quality.
The role of technologies in citizen science was considered from the perspectives of affor-
dances and constraints. The affordances that make ICT particularly appealing to citizen
science project organizers are the ability to increase the scale and scope of the project, based
largely upon the use of technology-mediated communication. The cases used ICT in several
ways, some of which provided unexpected benefits to projects and extended their broader
impacts. ICT could also provide rewarding participation experiences, but low-cost technolo-
gies were observed to come with additional hidden costs. These constraints were primarily
related to usability, data entry, and development costs.
Customization is frequently needed when projects adopt open source software or other
low-cost solutions, and always comes at some expense. The discussion brought into question
the assumption that technologies will attract new audiences, and highlighted the importance
of usability given that older adults are frequently the majority of contributors to citizen
science, as with most voluntary work. ICT has the additional potential of offering scalable
ways to give feedback for further participation, which could incentivize further participation
and provide reassurance to contributors who have less confidence in their performance.
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Among many themes related to organizing that were observed in the cases, the discussion
here focused on the organizer-contributor ratio and the relationships between institutions
and sustainability. In particular, the analysis noted that the primary constraint on projects
was consistently organizer time and attention, and there appears to be a practical upper
limit on the number of contributors that can be supported by any one individual. Managing
meta-contributors to extend the project capacity was a useful tactic for eBird, but required
additional effort to put into place and worked best when a set range of structured tasks
could be assigned to the individuals who could support other contributors. Additional ways
that organizers attempted to address these limitations included simplifying participation
expectations or increasing skill expectations to reduce demands on organizers for training
and support.
These issues pointed to the importance of sustainability planning, which was often related
to institutional support. Organizational settings can help sustain a project through initial
development and working with partners extended the ability of project leaders to expand
participation both in numbers and in geographic range. A diverse portfolio of revenue streams
was also identified as a valuable strategy for supporting long-term project operation, but
challenges with acquiring funding were also noted. In general, early planning for long-term
sustainability was considered important for developing new projects, particularly including
contingency plans for unexpected rates of growth. Further documentation of sustainability
practices will be needed as the field continues to grow and develop.
Finally, links between each of these topics and concepts from both the research questions
and theoretical framework were highlighted. These interconnections demonstrate the utility
of the theoretical framework for focusing the inquiry to answer the research questions.
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CHAPTER IX
Conclusions
This chapter begins by discussing the limitations of the study. It then reviews how
the foregoing chapters answer the research questions and highlight additional relationships
between concepts from the theoretical framework, drawing directly on the discussion of the
emergent themes from Chapter VIII. It also suggests opportunities for future research and
outlines the contributions of the current work.
9.1 Limitations
The primary limitations of the study relate to its breadth; instead, emphasis was placed
on depth in order to develop a richer understanding of citizen science. These limitations are
primarily related to the focus, sampling, and methods used in this work. They also suggest
future directions for research, which was one of the goals of the study.
The result of the focus on organizers means that the theoretical framework is relatively
one-sided. Additional concepts would undoubtedly be relevant to developing a more complete
model of the phenomenon, particularly in the category of states. Including participant
perspectives would also enrich the discussion of existing aspects of the framework, especially
the concepts of mission, design choices, and individual development, as well as the full set of
individual inputs. It would provide a deeper understanding of the alignment of scientific and
personal interests, as well as the relationship of participation processes to other concepts in
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the framework. Bringing in participant perspectives might also help to identify other key
processes that may be absent in the theoretical framework.
The current study attempted to ameliorate this shortcoming through extensive partic-
ipation and observation, but investigating the experiences of other participants and non-
participants would refute, support, and extend the observations stemming from participant
observation. Future work is needed to integrate the findings presented here with studies of
participants. Fortunately, such research does exist, and adding complementary data from
participants in the cases from this study is a feasible extension of the current work.
Decisions related to case selection posed another set of limitations to the work. The
number of cases, although limited, provided opportunity for substantially greater depth
than could be achieved with a larger sample. The tradeoff was made to support empirically-
grounded theory development through more detailed study. Future work featuring a broader
range of projects for comparison would supplement these findings, and could help establish
the applicability of the findings to the larger population of citizen science projects.
In particular, the focus on observation-based citizen science projects in ecological sciences
limits the transferability of the findings to other contexts. While the theoretical conceptu-
alization specifically attempted to maintain theoretical generalizability beyond these con-
straints, additional research in a broader set of research domains is needed. Comparisons to
citizen science projects focused on data processing tasks and projects that have no place-
based elements are also needed to improve the generalizability of the framework. These are
areas for future research that could be addressed with a small number of additional case stud-
ies, as some projects combine all of these elements. For example, the Zooniverse projects
focus on different research domains (primarily astronomy), feature data processing tasks,
and are entirely virtual in the mode of participation. Additional comparison to more diverse
projects is an obvious next step for developing the research and the theoretical framework.
386
The limitations imposed by interviewee sampling are primarily related to the focus on
organizers, as no participants were explicitly included in the interview sampling. Implicitly,
however, most of the interviewees were also participants as they participated in their own
citizen science projects, but brought a very different perspective on participation than would
be expected of volunteers. The number of organizers who were not interviewed was minimal,
with only one or two individuals missing for each case. Interviews with organizers of part-
nering projects and organizations helped provide additional institutional context, however,
which substantially improved the diversity of interviewee sampling.
Finally, the choice of interpretive qualitative methods limits the generalizability of the
study. The goal of this work was not to test hypotheses, but rather to produce findings
with theoretical generalizability. The theoretical framework could offer a foundation for
future confirmatory studies that draw upon more representative samples of the population
of citizen science projects, although the current rate of growth in citizen science will make
representative sampling a moving target for some time to come.
The interpretive approach, while well suited to the goal of deeply contextualized theory
development, meant that there was no additional analytical verification, e.g., a second coder
evaluating the texts to improve reliability. Ensuring dependability was instead supported
throughout the research process with memos describing contextual changes and how they
affected the research; these effects were minimal and tracked through ongoing contact with
the case study sites. Confirmability and transferability (external validity) of the findings was
supported primarily through detailed documentation of the sampling, along with thorough
descriptions of the cases and researcher positionality. Negative instances were highlighted in
the comparison of the cases and an audit trail was also maintained throughout the study.
Several strategies were applied to strengthen the internal validity, including several rounds
of peer review and multiple stages of participant review. All indications from these sources
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supported the findings, verifying the credibility of the work. These findings also met the
goal of addressing the research questions, discussed next.
9.2 How do virtuality and technologies alter organizing in citizen science?
The first research question focused on the ways that virtuality and technologies influence
organizing processes. The case studies showed that virtuality was an inherent quality of cit-
izen science project design. If the scientific interests of organizers could be achieved without
the assistance of the broader public, they probably would not choose citizen science as a
research approach due to the substantial complications introduced by involving volunteers.
As an initial condition, virtuality is part of the project processes more than it is an input
like resources, which is why it does not appear in the theoretical framework as a separate
concept. The facets of virtuality that were evident were spatial and temporal discontinuities
of participation, which led to different organizing approaches than would have been employed
in colocated research. Virtuality is in fact one of the key benefits of citizen science. The
spatial and temporal spread of contributors enables new types and larger scales of scientific
research. This benefit comes with challenges for organizing potentially large numbers of
unknown individuals at a distance.
Notably, the ratio of organizers to contributors meaningfully influenced project design
choices. Unlike large-scale scientific collaboration in which all contributors are profession-
als and play varying roles based on different areas of expertise, citizen science projects are
typically designed so that nearly all contributors perform the same task regardless of exper-
tise. The uniform tasks make coordination of large groups of volunteers more tractable for a
small number of organizers, and help ensure better scientific rigor by requiring participants
to adhere to a common data collection process.
Because the execution of these tasks cannot usually be directly observed to evaluate
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performance, the quality of data that are produced by citizen science is often questioned.
Mountain Watch was an exception because organizers were able to simulate and observe
participation by non-experts, but all of the projects in this study employed alternate mech-
anisms to improve data quality. In addition, the contrast between the cases showed that the
relative extent of virtuality (e.g., global, continental, or regional geographic scope) is related
to the degree to which ICT is central to coordinating participation.
Digital technologies are the tool that has made large-scale virtual participation in citizen
science possible. ICT reduces the coordination costs but requires creating and maintaining
systems, which can be a considerable undertaking. With the right technologies, however, the
number of volunteers an organizer can manage effectively increases substantially. ICT enables
organizers to provide automated feedback and encouragement to contributors, increasing
participant satisfaction and retention.
Technologies also influence organizing activities related to communication in other ways;
the organizers of the GSP and eBird handled large volumes of email communication with
participants. Some of the additional technology-mediated communication venues such as
email listservs and online forums permitted knowledge sharing and problem resolution among
participants, but maintaining these resources also required ongoing organizer attention.
Another aspect of technologies and organizing was the interaction of material and digital
technologies with place. The requirements of the physical environment and affordances
of the different tools for recording data led to the use of paper in the field, usually with
subsequent online data entry. For the GSP, accepting data sheets by postal mail increased
the data management burden on organizers but lowered barriers to participation, which
corresponded with aspects of the project mission. The research design requirements of field-
based observation posed several constraints, but also provided advantages, that would not
be expected to occur in entirely technology-mediated projects without place-based elements.
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Comparing the projects from this study to entirely virtual citizen science projects is an
avenue for future research that would provide further insight into the tradeoffs involved in
organizing projects for which participation involves different relationships to place.
As the cases also demonstrated, ICT can support data quality in several ways, including
triangulation and verification of volunteer data. The plantcam images made at Mountain
Watch monitoring sites can be used to evaluate volunteers’ data submissions and thereby
verify the reliability of data submitted by the same participants for additional locations. The
eBird data review system uses a system that automatically filters submissions for review by
local experts, based on meta-contributions of regional checklists, which makes data validation
more scalable. eBird and the GSP both demonstrated ways in which the design of data entry
interfaces can further support data quality.
9.3 How do virtuality and technologies shape participation in citizen science?
The research questions focused on the effects of virtuality and technologies on participa-
tion processes as well as organizing. Virtuality in citizen science means that participation
is open to a larger and more diverse potential participant population. It also means that
participants are unlikely to receive direct or extensive training on how to complete participa-
tion tasks. Relatively minimal training indicates that the tasks need to stand alone, which
is usually accomplished through simplification.
With the exception of projects that are intentionally limited by habitat types or ge-
ographic ranges, most citizen science project participants are geographically distributed.
Physical distribution of observers is one of the assets of this form of scientific collaboration,
but also means that geographic biases are inherent. Like most people, the majority of project
participants usually live in cities, and when given the choice of monitoring locations they
tend to submit observations made in or near cities. In addition, some places are very thinly
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populated in general, and it can be difficult to recruit participants to make observations for
these areas. These geographic biases can cause problems for some research, but analytic
techniques can help limit these effects.
Virtuality also means that place is an important element of these projects in several
ways, particularly in terms of the functional and emotional aspects of place attachment.
Functional constraints imposed by physical locations is a factor that organizers typically ad-
dress through project design. Emotional relationships to places can carry both positive and
negative connotations for participation. For the projects in the study, the positive aspects of
subjective participant experiences of place seemed to outweigh the potential negative associ-
ations. When participants were provided autonomy to select their own places to participate,
their choices contributed to geographic bias but also to convenience and satisfaction, both
of which can support ongoing participation.
As previously discussed, ICT has both affordances and constraints for participation.
While it makes participation possible for a larger number of people due to improved ac-
cess to project resources, ICT also creates challenges for some individuals. Problems with
using technologies were primarily related to usability, and potentially also to participant
demographics, as project organizers reported that older adults encountered more difficul-
ties with online data entry and account management. Despite these issues, ICT can be
rewarding for participation as well. The eBird project provided many examples of ways that
access to data reports and visualizations supported stronger participation and led to greater
participant satisfaction and commitment.
The combination of virtuality and technologies changes the way participation is designed,
and couples with both organizing and participation. Many of the findings related to organiz-
ing are also linked to participation as these processes are so extensively interrelated. Unlike
most other online communities, the tasks that contributors perform are typically uniform
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and assigned (rather than self-selected and unique) and coordination effects are usually re-
duced to pooled interdependence. Lower interdependency in task structures is part of why
fewer organizers can coordinate the efforts of more contributors, and bears a stronger re-
semblance to crowdsourcing than other forms of distributed collaboration, particularly in
science-related contexts. Future research could compare the findings from this study asso-
ciated with job design and participation in citizen science with other online communities,
peer production environments, and collective intelligence or crowdsourcing initiatives. Such
comparison could further investigate the role of task structure and autonomy in distributed
voluntary participation and the reward structures that support ongoing participation, such
as system-based feedback and direct communication with organizers or other participants.
9.4 How do organizing and participation influence scientific outcomes in citizen
science?
The primary purpose for citizen science is producing scientific knowledge, so the research
questions examined the role of organizing and participation on scientific outcomes. The
research found that these processes and scientific outcomes are inextricably linked to one
another, and to science and design processes.
The case studies showed that participation had a relatively simple and direct relationship
to scientific outcomes: participation is necessary to produce the contributions that are used
to generate project outcomes, and greater quality and quantity of participation improves
those outcomes. Scientific knowledge outcomes were evident in multiple forms, including
scholarly publications as well as applied outcomes such as decision support.
Acknowledging the value of diverse types of scientific outputs is particularly important
because providing a scientific basis for other activities (e.g., management or policy decisions)
is often the primary goal motivating project organizers in nonacademic contexts. Future
research investigating the types of science-related products of citizen science and their uses
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would substantially improve the ability to evaluate project effectiveness from a scientific and
organizational standpoint, and would complement existing research focused on evaluating
outcomes for participants. Generating more holistic evidence of the scientific value of citizen
science at the project level may also provide further support for funding based on the scientific
merits of citizen science rather than just the outcomes related to individual development.
While valuable, the education and outreach benefits of engaging the public are less compelling
to some funders, leading to challenges in obtaining support for innovative research through
citizen science projects that are less focused on informal science education.
The case studies further showed that the interaction of participation and organizing can
also broaden the scope of scientific outcomes of the project. One of the causes of project
evolution appears to be the participants themselves. The participants were the main resource
for participation processes that improved project outcomes, and the inputs they represent
are directly related to organizing and design processes, figuring into expectations of partici-
pant skills and interests. Through organizing and design processes, connections to scientific
interests and science processes became apparent when participants influenced the direction
and methods for the research, e.g., when the GSP contributors subjectively classified their
locations leading to the incorporation of the housing density data source for analysis. Design
decisions and organizing throughout initial development and ongoing operation of a citizen
science project influence who participates, how committed they are, how satisfied they are,
how long they continue to contribute, and whether they recruit additional participants from
their own personal networks, among other participation-related effects. Each of these factors
has an influence on the scientific outcomes, through the quality or quantity of observations
that are contributed, or both.
As mentioned above, organizing influences the design and science processes in numerous
ways that directly impact all project products, including scientific knowledge. Organizers in
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the case study projects routinely evaluated data quality, sometimes using rigorous methods
such as those seen in the Mountain Watch project, and subsequently made changes intended
to improve the resulting data contributions and scientific products. Several approaches to im-
proving scientific outcomes that were observed in the case studies included efforts to increase
levels of participation, protocol changes to simplify or clarify procedures, varied communi-
cation strategies, broadening and narrowing of participation options, and coordination of
meta-contributors to improve scalability. Resource constraints, particularly limitations on
organizer time and attention, are the primary reasons that citizen science projects may ex-
perience delays or failure to produce scientific outcomes, which has important implications
for project planning and sustainability.
9.5 Emergent Findings
Several other findings emerged that were not directly related to the research questions,
such as the impact of design choices on the other processes in the framework. Another set
of findings highlighted ways that inputs influenced all of the project processes and states.
Additional factors besides virtuality and technologies had meaningful effects on products of
the cases studied in this research. In particular, the emergent findings include:
1. The triadic relationship between institutions, resources, and sustainability.
2. The impacts of alignment of scientific and personal interests.
3. The implicit links between communities, organizing, and individual inputs.
4. The strategy of engaging non-scientist community members as organizers.
The triadic relationship between institutions, resources, and sustainability was evident
throughout the cases. These relationships are not particularly surprising from the stand-
point of organizational sociology and the connections are logical, but may not be immedi-
ately apparent to first-time citizen science project organizers. Consciously considering the
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relationship of institutional and organizational settings to resources and sustainability could
be a good strategy for organizers to plan more effectively for success in both the short and
long term. Further research into the influence of these relationships on project goals and
successes, or lack thereof, would likely have substantial benefit for project organizers in the
form of new best practices and could also contribute to theory in organizational studies.
This raises the issue of the value of studying failed projects, a useful direction for future
work, although failures are often more difficult to identify than successes.
Viewed retrospectively, the impacts of the alignment of scientific and personal interests
also seems logical. The importance of this element of project design, while often implicit
in practice, was not self-evident until the Deliberate Design Model was introduced into the
theoretical framework, as it was also clearly supported by the empirical data. While a
strong correspondence between these qualities is desirable for all stakeholders in a citizen
science project, it may not be possible to achieve in every situation. When it becomes
apparent that the alignment of scientific and personal interests will be partial at best, project
organizers have the simultaneous challenge and opportunity of finding other means to support
participation and scientific outcomes. Research into the relationship of goals and motivations
for both participants and organizers could lead to new theoretical insights into the more
detailed interactions between these concepts and, for example, communication strategies.
Determining ways to evaluate the match of participant and organizer interests would be a
useful contribution to practice.
The links between communities, organizing, and individual inputs are another area of im-
plicit understanding among project organizers that was made explicit through the analysis
presented in this study. While the relationships between community and individual inputs
were not strongly stressed by interviewees, the lack of emphasis on this connection could be
due to the taken-for-granted nature of self-selection of individuals into communities and the
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related requirements for community membership. The influence of the degree to which orga-
nizers understand both the relevant communities and personal characteristics of participants
was also apparent through the comparison of eBird to the other two projects. The eBird
project leaders’ intimate engagement with the birding community meant that they were able
to effectively manage project and system development initiatives.
The strategy of engaging non-scientist community members as organizers was a clear
effort to counter the challenges that arise when there is a less complete understanding of
the contributor base on the part of the organizers. Community-centric staffing was also
successful in improving outcomes to the degree that organizers were able to act on new
insights from working closely with individuals who are deeply embedded in the communities
from which participants are recruited. Investigating whether the strategy has been employed
more broadly in citizen science, and the impacts it has on project processes and outcomes,
would verify whether this a best practice for project management. Better understanding the
specific qualities of community representatives that make them effective organizers would
also have potential for practical and theoretical value, and would be interesting to compare
to other types of contributory projects.
9.6 Contributions
This study made both theoretical and practical contributions. The empirically-based
theoretical framework both complements and extends prior models, such as the Deliberate
Design Model. It provides a foundation for future theoretically motivated research. More
specifically, the theoretical framework has room for expansion and refinement through incor-
poration of participant perspectives and case studies of citizen science in different domains,
in place-independent contexts, or in which participation is designed around data processing
tasks.
396
The framework has potential for application to other forms of scientific collaboration
because it contains three concepts specific to a scientific context, scientific interests as inputs,
science processes, and scientific knowledge outcomes. There is also potential to apply this
framework to other forms of contributory communities, by substituting other contextually-
relevant inputs, processes, and outputs for those science-focused concepts. Interestingly,
none of the concepts that emerged as important in this study are specific to distributed
collaboration or online communities. This is partly because technologies is a broader concept
than just information and communication technologies, so it also refers to tools like scientific
protocols and material technologies like paper data sheets.
The practical contributions of the work include the identification of new prospective best
practices. It surfaces taken-for-granted relationships between important elements of citizen
science project design and management, and provides examples of the impacts of related
choices and strategies on project outcomes. The theoretical framework could also support
expansion and further development of current heuristics for project planning and evaluation.
In addition, the comparative case study offers in-depth descriptions and comparison of
citizen science projects that engage the public in observation and data collection tasks. The
descriptions and analysis can provide useful points of reference for practitioners. The case
studies also form a basis for comparison of citizen science to other types of technology-
supported contributory communities. The focus on organizers complements other research
centered on participant viewpoints, and opens up opportunities for merging these perspec-
tives to foster a more comprehensive understanding of the phenomenon.
9.7 Summary
Citizen science is rapidly increasing in popularity as a method for achieving scientific
goals that were previously out of reach. Citizen science projects offer potential for innovative
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scientific research, broader impacts, and personal development for participants. The success
of these projects hinges on understanding the implications of the relationships between initial
conditions and resources, ongoing processes, and the resulting impacts on outcomes.
Through the development of an empirically-grounded theoretical framework, rich descrip-
tions of three citizen science projects, and comparative analysis of these cases, this research
has elucidated several important aspects of project design and management. The study
reflects new opportunities for better understanding both citizen science and technology-
supported contributory communities, illustrates the value of a theoretical framework for
shedding light on aspects of citizen science projects that have been taken for granted, and
presents a multidisciplinary view on a phenomenon that has not previously been considered
from this perspective. Foundational studies like the one presented here can help to support
future research on citizen science as well as best practices in the community of citizen science
organizers.
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APPENDIX A
Sample Interview Protocol
1. Could you tell me about your professional background and how you became involved
with the project?
2. How is your work connected with the project?
3. How have you been involved with the project’s...?
(a) project design and adaptation
(b) data management and validation
(c) volunteer and community management
4. How do technologies fit into project participation?
5. Is there anything else that you think is important about the project that we haven’t
discussed?
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APPENDIX B
Survey Methods
A survey instrument was composed to directly elicit selected descriptive characteristics of
projects; this section describes the design of the survey instrument, sampling frame, and
response rate.
The survey instrument was presented as a two-part questionnaire: first, a brief project
profile and second, a separate, lengthier survey. The first portion of the questionnaire was
a project profile, allowing projects to opt-in for listing on several cooperating websites that
provide listings of citizen science projects, and update existing project profiles based on data
provided with the sampling frame or create a new project profile (Appendix C). The second
portion of the questionnaire was the project survey, which asked for additional details in
several categories. The full survey included 57 items, including both multiple choice questions
and free-response spaces for each structured item (Appendix D). The answers for multiple
choice items were developed from existing public data on citizen science projects and a prior
study that provided a foundation for the survey by identifying over 80 characteristics of
citizen science projects based on a purposive sample of 30 projects (Wiggins & Crowston,
2010). There were no required fields, so each item had a variable response rate. The
items covered several categories, but those reported in this paper focused on data validation
methods.
The sampling frame was composed of projects listed on Cornell Lab of Ornithology’s
citizen science email list and in the now-defunct Canadian Citizen Science Network. These
are the most comprehensive sources of contacts for North American citizen science projects.
Approximately 60 additional contacts were manually mined from the online community
directory at http://www.scienceforcitizens.net to extend the disciplinary diversity of the
sample.
These sources provided a combined set of approximately 840 contacts after removing
duplicates and bad addresses. These contacts are individuals who had self-identified as
responsible for or involved in the management of citizen science projects. Approximately 280
projects were identified in this process, and another 560 individuals who may be connected
with additional projects were also invited to participate.
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In response to approximately 840 emailed requests for participation, 128 project profiles
were created or updated. Seventy-three surveys were initiated and 63 fully completed, for a
participation rate of 15% and a response rate of approximately 8%. The surveys and profiles
were combined for analysis. The response rate is low, though not atypical for such a survey.
However, it should be noted that the number of projects is smaller than the number of
contacts, meaning that the response rate for projects (our unit of analysis) is better than it
appears. As noted above, we were able to identify approximately 280 projects, which would
lead to a response rate of about 22% rather than 8%; the actual response rate lies somewhere
in between these two figures.
Most of the responses came from small-to-medium sized projects, based in the United
States, with several Canadian projects reporting, and three from the UK; a handful of
projects are organized by research teams that span international boundaries. Nearly all re-
sponding projects are of the monitoring and observation types. The sample is also subject
to self-selection bias, such that projects interested in attracting more participants through a
directory listing were more likely to respond than those that may selectively engage contrib-
utors, for example, based on known subject expertise. However, despite these limitations, it
is believed that the resulting sample is generally representative of the population of citizen
science projects.
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APPENDIX C
Citizen Science Project Profile
Opt-in
Let us know whether to include your project’s profile in our partner sites’ citizen science
project directories whenever appropriate by selecting them above. At least one selection is
required.
If you select “None”, your project’s profile will not appear in any of our partners’ project
directories, and any existing project listings will be removed. Your response will still be
valuable for helping us to better understand the characteristics and needs of citizen science
projects.
• Citizen Science Central
• Science for Citizens
• USA National Phenology Network
• DataONE
• Additional partners that may be added in the future
• None
Project contact information
Project name
Project website
Please enter the primary website for the project, starting with http://. If the project
does not have a website, enter “None”.
Contact name
Name of a contact person for the project.
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Contact email
Please provide a general contact email address. This does not need to be the same email
address that was used to create your account.
Project partners
Organizations or groups that partner to organize and manage this project; please separate
each group name with a comma.
Affiliated websites
Please enter any other websites related to this project, such as web sites for organizing
groups, starting with http://.
RSS feed
If your project provides an RSS feed for news or updates, include it here to have your
updated content featured by our partners.
Project logo
If you would like to include a logo or image to represent your project, please upload it
here. You can upload a file up to 1 MB, for any of these file types: gif, jpg, png, bmp, tif,
and pdf.
Project Description
Year project started
What year did the project start? Format: 2010
Project description
Briefly describe your project (about a paragraph).
Project subject categories
Which subject categories are related to your project’s focus? Please check all the general
subject areas that apply.
• Animals
• Archeology
• Astronomy & Space
• Birds
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• Biology
• Chemistry
• Climate & Weather
• Computers & Technology
• Ecology & Environment
• Food
• Geology & Earth Science
• Health & Medicine
• Insects
• Nature & Outdoors
• Ocean & Water
• Physics
• Science Policy
• Sound
• None of the above
Project topic keywords
Please enter topic keywords that describe your project more specifically; separate key-
words with commas.
Examples: Invasive species, worms, light pollution, water quality, weather, phenology, plants,
possums, climate change, marine, etc.
Project Participation
Audiences
What audiences do you try to engage? Please check all that apply.
• Students
• Families
• Youth
• Adults
• Teachers
• Landowners
• Retirees
• Enthusiasts
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• Community groups
• Schools
• Nature centers
• All of the above
Other audiences
Please list any additional audience groups for your project.
Geographic scope
What is the approximate geographic range of participation?
Examples: Global, international, North America, northeastern US, provincial, New York
state, tri-county area, city, etc.
Indoors or Outdoors
Does participation involve activities that are done indoors or outdoors? If both indoors
and outdoors locations may be involved, please select both items.
• Indoors
• Outdoors
Place
Where do project activities occur for most participants?
• Online exclusively
• Anywhere participants choose
• Anywhere within a specific range
• At one or more specific locations
• Other
Project duration
How is the timing of the project structured? Is is more like an annual event or campaign
(e.g., Christmas Bird Count), a one-time effort that doesn’t repeat year after year (e.g., a
one-time bioblitz), or an ongoing project with either year-round or seasonal participation?
• Annual event
• One-time limited duration project
• Ongoing project, year-round
• Ongoing project, seasonal
• Other
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Learning materials
Does the project provide learning materials? Please check all that apply.
• None
• Lesson plans
• Other classroom teaching materials
• Family learning activities
• Training materials
• Links to other resources
Training requirements
Please briefly describe any training requirements.
Examples: None, online quiz, self-paced tutorial, short training session (up to 3 hours),
workshop series (three 4-hour workshops), etc.
Required gear
Please list any required equipment or tools that contributors need in order to participate
effectively; separate each item with a comma.
Examples: binoculars, smartphone, maps, water monitoring kit, global positioning device,
sweep net, computer, etc.
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APPENDIX D
Citizen Science Project Survey
This survey is being conducted by researchers at Syracuse University to better understand
the characteristics and needs of citizen science projects. Many of the questions will help
determine the direction of current efforts to better support citizen science projects.
Individual responses to these questions will not be visible to anyone but you and our
research team. Aggregated responses will be shared with interested participants and collab-
orators.
There are no required responses, and you can stop the survey at any time. You can also
save your survey answers and return to complete the survey, but please don’t delay - this is
a one-time survey, and will only be available through the middle of March 2011.
Project name
Please re-enter the project name so that we can associate the project profile information
with the additional detail from your survey responses.
Is this project currently active?
• Yes
• No
• Don’t know/not sure
Project Resources
The questions in this section will help us understand the resources available to citizen
science projects, which will help develop recommendations for tools and services to prioritize
for future development.
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Project Staffing
Please indicate the number of full-time equivalent (FTE) paid employees organizing or
running this project. If there are no paid staff for the project, please enter “0”.
Example: 2.5 FTE
Annual Operating Budget
What is the approximate annual operating budget for the project? Please note currency
type if not in US Dollars, e.g. CAD, GBP, EUR, etc.
Funding Sources
What sources of funding support the project? Please check all that apply.
• Participant fees
• Federal grants
• Other grants
• Private donations
• Sponsorships
• Licensing
• Service fees
• Memberships
• Merchandise sales
• Advertising
• In-kind contributions
• Not sure/don’t know
Other Funding Sources
Please list any additional or more specific funding sources for your project.
Comments on Project Resources
Please feel free to include any additional comments about project resources.
Participation Details
The questions in this section will help us better understand the types of activities and
forms of participant engagement that projects need to be able to effectively support.
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Participation Activity Types
What are the primary types of activities for people contributing to the project? Please
check all that apply.
• Observation
• Species identification
• Classification or tagging
• Data entry
• Finding entities (e.g., in images, in natural habitats)
• Measurement
• Specimen/sample collection
• Sample analysis
• Site selection and/or description
• Geolocation
• Photography
• Data analysis
Other Participation Activities
Please list any additional types of activities that contributors participate in.
Rewards to Contributors
Are there any explicit material or status rewards for participants? Please check all that
apply.
• None
• Free equipment/supplies/training
• Certificate
• T-shirts
• Promotional items, e.g. stickers, pins, keychains, patches
• Top contributor listings
• Personal performance ratings
• Public acknowledgment
• Role advancement
• Editor/moderator privileges
• Naming privileges
• Co-authorship privileges
• Volunteer appreciation events
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Other Rewards
Please list any additional types of explicit rewards that contributors may receive from
participating.
Social Opportunities
What opportunities for social interaction are available to participants? Please check all
that apply.
• None
• Forums
• Email listservs
• Blogging and/or commenting on blogs
• Social media (e.g., Twitter, Facebook, etc.)
• Conference calls or webinars
• Meetings
• Training sessions
• Volunteer appreciation events
• Group participation in project activities
• Classroom participation
Other Social Opportunities
Please list any additional opportunities for socializing among participants.
Comments on Participation Details
Please feel free to share any additional comments about project participation activities,
rewards, and social opportunities, or other topics related to participation.
Tools and Technologies
The items in this section will help us better understand the current state and future
plans for tools and technologies to support citizen science projects, which will be used for
recommendations on infrastructure planning and resource development.
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Communication Tools
What types of communication tools and technologies does the project use? Please select
all that apply.
• None
• Website
• RSS
• Email
• Conference calls or webinars
• Print publications
• Research articles
• Blogs
• Forums
• Photo galleries
• Maps
• Graphs and charts
• Animated or interactive data visualizations
• Data querying and summary tools
• Social media (e.g., Twitter, Facebook)
Other Communication Tools
Please list any additional communication tools or technologies the project uses.
Technology Plans
Thinking more broadly than just tools for communication, what new technologies does
your project plan to implement in the next two years? Please briefly describe any plans for
technology changes or additions.
Future Technologies
What new technologies or improvements to your current technologies would you like to
implement in the future, beyond what is currently planned?
Comments on Tools and Technologies
Please feel free to include any additional comments about project tools and technologies.
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Data Management
These questions will help us better understand the data management and policy needs of
citizen science projects, allowing us to identify priorities for future infrastructure investment.
Data Validation Methods
What methods of validation or quality control are used? Please check all that apply.
• None
• Expert review
• Automatic filtering of unusual reports
• Replication or rating, by multiple participants
• Replication or rating, by the same participant
• Photo submissions
• Paper data sheets submitted along with online entry
• Rating of established control items
• Uniform equipment
• QA/QC training program
• Validation planned but not yet implemented
• Not sure/don’t know
Other Validation Methods
Please describe any additional validation methods used in your project.
Data Sharing
With whom does the project currently share data? Please check all that apply.
• No data sharing
• Sharing with contributors
• Sharing with project-affiliated researchers
• Sharing with a research network or data archive
• Sharing with the general public
• Sharing is planned but not yet in place
• Not sure/don’t know
Other Data Sharing
Please list any additional specific groups with whom the project shares data.
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Data Ownership
What is the project’s policy on data ownership? Choose the options that best fit, or
describe a different arrangement below.
• No policy
• Currently developing policy
• Researchers own the data
• Project contributors own the data
• Third party owns the data
• Public owns the data
• Not sure/don’t know
Other Data Owners
Please describe the project’s data ownership policy if it is different from the types above.
Comments on Data Management
Please feel free to share any additional comments on data management and policies.
Project Contributions
Because there are many different ways to describe contributions and contributors, we ask
you to define the primary unit of contribution to your project (and list secondary types of
contributions) below. The definition of a contributor in the following questions is a person
who has made any such contribution to the project.
These questions will help us better understand the diversity of citizen science projects
with respect to types and rates of contribution. If you don’t have details handy, please give
your best approximation.
Unit of Contribution
What is the unit of contribution for this project?
Examples: observations, specimens, samples, classifications, images
Other Contributions
Please list any additional or alternate forms of contribution to the project.
Examples: blog posts, forum or blog comments, additional protocols, mentoring, etc.
2010 Registrations
Approximately how many people have registered or signed up for the project in 2010?
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Total Registrations to Date
Approximately how many people have registered or signed up for the project to date?
2010 Contributors
How many people made a contribution to the project in 2010 by submitting data, com-
pleting tasks, or other active engagement?
Total Contributors to Date
Of those who have registered or signed up for the project, how many have made a con-
tribution to the project by submitting data, completing tasks, or other active engagement?
2010 Contributions
Approximately how many contributions have been made to the project in 2010?
Total Contributions to Date
Approximately how many contributions have been made to the project to date?
Comments on Contributions
Please feel free to share any comments about project contributions, contributors, and
meaningful measures of participation.
Project Goals & Outcomes
This set of questions will help us better understand the range of goals and desired out-
comes that are important to citizen science projects.
Project Goals
Please indicate how important each type of goal is for your project. Any other goals you
consider important that are missing here can be indicated blow.
Answer options: Not important, Low importance, Slightly important, Neutral, Moderately
important, Very important
Goal types, presented in random order:
• Science
• Management
• Action
• Education
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• Conservation
• Monitoring
• Restoration
• Outreach
• Stewardship
• Discovery
Other project goals
Include any other project goals here, and please feel free to clarify the relative importance
of project goals.
Intended Project Outcomes
What outcomes does the project intend to produce? Please select all that apply.
• Data sets
• Data analysis
• Academic publications and presentation
• Technical reports
• New discoveries
• New research methods
• New inquiry
• Policy changes
• Community action
• Environmental restoration
• Individual learning
Other Intended Outcomes
Please list any additional intended project outcomes that are not included above.
Actual Project Outcomes
What are the actual project outcomes to date? Please select all that apply.
• Data sets
• Data analysis
• Academic publications and presentation
• Technical reports
416
• New discoveries
• New research methods
• New inquiry
• Policy changes
• Community action
• Environmental restoration
• Individual learning
Other Actual Outcomes
Please list any additional project outcomes to date that are not included above.
Project Evaluations
Have any of these types of evaluations been conducted for your project? This could
include any efforts to gather data about project participants and their needs, information
about whether the project is working well, or evidence about project impacts.
Answer options:
• Yes, definitely
• Yes, I think so
• No, I don’t think so
• No, definitely not
• Don’t know
Evaluation types:
• Front-end (needs assessment or baseline information)
• Formative or process (during project development or implementation)
• Summative (describing project outcomes or impacts)
Comments on Project Outcomes
Please feel free to share any additional comments on project evaluation and project out-
comes.
Participant Outcomes
These questions will help us understand the participant outcomes that projects hope
to achieve, and will be used to prioritize the development of assessment tools for better
understanding participant outcomes.
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Science Knowledge Outcomes
Of the outcomes listed here, which is the most important to your project for assessing
how participants’ science knowledge changed as a result of participation?
• Increased knowledge of specific science content
• Increased knowledge of the process of science (i.e., methods used in science)
• Increased knowledge of the nature of science and the scientific enterprise
• Other (please describe below)
Other Science Knowledge Outcomes
If you marked “Other” in the previous question, please use this space to describe the
outcome you would like to assess.
Science Interest Outcomes
Of the outcomes listed here, which is the most important to your project for assessing
how participants’ interest in science changed as a result of participation?
• Increased interest in specific science issues
• Increased interest in science careers
• Increased interest in nature/environment
• Other (please describe below)
Other Science Interest Outcomes
If you marked “Other” in the previous question, please use this space to describe the
outcome you would like to assess.
Science Skills Outcomes
Of the outcomes listed here, which is the most important to your project for assessing
how participants’ scientific skills changed as a result of participation?
• Improved ability to ask scientific questions
• Improved ability to identify, collect, and submit accurate data
• Improved ability to analyze and interpret data
• Improved use of technology
• Other (please describe below)
Other Science Skills Outcomes
If you marked “Other” in the previous question, please use this space to describe the
outcome you would like to assess.
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Attitude Outcomes
Of the outcomes listed here, which is the most important to your project for assessing
how participants’ attitudes changed as a result of participation?
• Improved attitudes toward science
• Improved attitudes toward self as a scientist
• Improved attitudes toward nature/environment
• Other (please describe below)
Other Attitude Outcomes
If you marked “Other” in the previous question, please use this space to describe the
outcome you would like to assess.
Behavior Outcomes
Of the outcomes listed here, which is the most important to your project for assessing
how participants’ behaviors changed as a result of participation?
• Increased citizen action/involvement with policy
• Increased participation with science-based activities
• Increased environmental stewardship
• Other (please describe below)
Other Behavior Outcomes
If you marked “Other” in the previous question, please use this space to describe the
outcome you would like to assess.
Conclusion
Other Considerations
Are there any thoughts you’d like to share with us about your project or this survey?
Follow-up Studies
Due to the exciting growth of citizen science, several research and infrastructure projects
will be seeking additional input for documenting best practices, developing recommendations,
and planning infrastructure to support citizen science projects.
Please select an option to let us know whether you are open to participating in future
surveys, interviews or focus groups that will help shape the direction of policy and resource
development. Indicating your interest does not create any obligation for future response,
and only means that you would consider participating.
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• Yes, I would consider participating in future studies.
• No, I am not interested in participating.
Survey Results
If you completed the survey and would like to receive a summary of the results, please
enter an email address to which we can send it. Any email address you provide here will be
used only once, when we send you the survey results summary, which should be available by
June 2011.
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APPENDIX E
Sample Rich Process Model
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